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CONVENTIONS 
Northeast Thailand as u sed in this work refer s to 
the fifteen changwats generally bounded on the s outh by the 
Dangrek Range, on the west by the Phetchabun Range and on the 
north and west by the Mekong River . This is the same 
definition as used by the National Statistical Office in the 
Population and Agricultural Censuses. The Northeast covers 
x 
an area of about 66,000 square miles or about one - third of 
Thailand and contained some ten million people in 1960, or 
about one- third of Thailand's population. The names and total 
number of amphoes u sed are those existing in 1960 and contained 
in the Population Census. Since then some amphoes have been 
subdivided but these new amphoes have not been included here. 
The spelling of Thai place-names is in accordance with the 
official standard names approved by the United States Board 
of Geographic ames in 1966. 
To facilitate cross-reference all maps discussed in 
the text are bound in a separate volume. References to other 
works or authors are cited using the Harvard Convention with 
the source and date referring to the entry in the bibliography. 
Value s on the choropleth maps were grouped as nearly 
as practicable into sextiles , and the number of amphoes in each 
class are shown in the legend . In addition, a histogram based 
on standard scores but also showing actual values is included 
for each map. Classes are differentiated by light colouring 
to permit identification of indiv idual amphoes . The colours 
generally range from red f or the most critical class through 
to green for the least critical and the shades have been chosen 
to facilitate further grouping into three or two equal size 
classes if desired . 
xi 
PREFACE 
This thesis is the resul t of part - time endeavours 
begun in 1964 , to satisfy an interest created by a second 
short visit to Northeast Thailand in that year. The original 
plan envisaged the creation of an atlas of Northeast Thailand , 
similar to the "Atlas of Mysore State: Volume I", prepared in 
1961 under the leadership of Professor Learmonth . In concept 
it was to be a largely descriptive regional geography following 
traditional systematic lines and with a final chapter synthes -
izing the data into a simple regional structure . 
During the long period of data preparation , influences 
from the quantitative revolution ln geography became stronger, 
in this case owing largely to the interest generated by the 
works of Haggett and Berry. At a time when the original plan 
was well in hand, it was considered advisable to change the 
format towards a more methodological approach using the work 
already processed as a data base for experimentation with some 
quantitative techniques. Evidence of this alteration in 
design from a descriptive regional study to a quantitative 
regional investigation may be apparent throughout the thesis . 
The resulting hybrid is probably not entirely satisfying to the 
exponents of either camp, and the abrupt ending caused by the 
expiration of the thesis period does little to remedy the 
situation . Ne v ertheless , the techniques applied here and the 
models resulting from them may be found useful by others 
concerned with Northeast Thailand, or the delineation of regions 
by administrati v e units in other areas . 
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CHAPTER I 
BASIC DATA 
This chapter is intended to provide a general backdrop 
and data base to the integrative and pr edictive sections of 
this study by considering various selected aspects of North-
east Thailand. The presentation is in the form of thirty-two 
atlas type maps, largely original and mostly choroplethic. 
These are bound in a separate volume to enable the reader to 
have both map and text conveniently at hand. Referring to 
almost each is a statement on the method of construction, 
followed by a discussion. This discussion makes no pretence 
at being a detailed analysis, but is more akin to a monologue 
presenting some analysis, some observation and other comment 
considered appropriate. Hopefully this will suffice to bring 
the reader in general sympathy with the areal patterns without 
becoming bogged in excessive description. For more detailed 
information the interested are referred to the general text on 
Thailand by Pendleton (1962 ), the developmental problems out-
lined by Platenius (1963) and the references cited for other 
facets. 
1. 
The choice of measures to be included was largely a 
result of data availability in the first instance, subsequently 
refined by personal predilection. The emphasis is on 
agricultural and demographic measures, with supporting physical 
and social aspects. There are some duplications in that the 
same aspect may be presented in slightly different ways. Then 
too, some important omissions may be noted and some measures 
may seem of doubtful usefulness, if not of questionable 
reliability. However, the final selection was considered 
sufficient to provide injectable components into ' ~ examination 
of the main thesis that Northeast Thailand contains areally 
distinctive patterns, which are recognisable and mappable in 
choropleth form using the amphoe unit, and that the resultant 
models may find some application in regional planning. 
r 
ADMINISTRATION DIVISIONS 
Background 
Thailand is divided into 71 changwats (provinces ) each 
with a Governor who is appointed by and reports directly to 
the Government in Bangkok. Each changwat is divided into 
amphoes (districts ) , each amphoe into tambons (communes), and 
each tambon into muban (villages) which is the smallest 
recognised administrative unit. 
Method 
The 15 changwats in the ortheast are too few in 
number and too large in area to be used for a detailed region -
al breakdown, and little data is available at less than amphoe 
level. Consequently it was decided to base this study at the 
amphoe level. 
Although changwat boundaries and areas were available 
at the commencement of this study, those of amphoes were not . 
To obtain these, amphoe boundaries as marked on the Series 
2. 
L708, 1 : 50,000 scale maps, were transferred by eye and 
proportional dividers to 1:500,000 scale maps and the individual 
amphoe areas measured by planimeter. Subsequently, areas and 
amphoe maps became available (National Statistical Office 1965 ) 
and although some amphoe areas differed from those measured, 
the maps did not lend themselves to detailed comparison, and 
it was decided to retain the areas and boundaries worked out 
previously. The difference in area was usually much less than 
10 percent, which is probably within the error margin of 
statistics available . 
Most maps in this study are a reduction of the 
1:500,000 base trace, with each changwat identified by a 
letter and the numeral after the letter referring to the 
amphoe ( see Table 1 - 1 ). The location of amphoe headquarters 
is gi ven by a circle with those doubling as changwat 
headquarters filled in; each of these centres takes the name 
of the amphoe and each changwat has the same name as its 
administrati v e seat . 
Discussion 
There are 15 changwats and 127 amphoes in Northeast 
Thailand . The amphoes vary in area from 176 square kilo -
metres (H8 ) to 445 Km 2 (B 2 ) with the mean size 1313 and the 
A . 10 2 d . median 1155. bout one- thlrd are be ow 90 Km an one - thlrd 
2 
above 1500 Km • 
3. 
4. 
TABLE 1-1 
NORTHEAST THAILAND - KEY TO ADMINISTRATIVE DIVISIONS 
A CHANGWAT BURIRAM 
Al Amphoe Phutthaisong 
A2 Amphoe Satuk 
A3 Amphoe Lam Plai Mat 
A4 Amphoe Buriram 
AS Amphoe Krasang 
A6 Amphoe Nang Rong 
A7 Amphoe Prakhon Chai 
A8 Amphoe Ban Kruat 
B CHANGWAT CHAIYAPHUM 
Bl Amphoe Kon San 
B2 Amphoe Kaset Sombun 
B3 Amphoe Phu Khieo 
B4 Amphoe Kaeng Khro 
B5 Amphoe Khon Sawan 
B6 Amphoe Chaiyaphum 
B7 Amphoe Ban Khwao 
B8 Amphoe Chatturat 
B9 Amphoe Bamnet arong 
C CHANGWAT KALASI 
Cl Amphoe Sahatsakhan 
C2 Amphoe Yang Talat 
C3 Amphoe Kamalasai 
C4 Amphoe Kalasin 
C5 Amphoe Kuchinarai 
D CHANGWAT KHO 
Dl Amphoe Chumphae 
D2 Amphoe Phu Wiang 
D3 Amphoe Nong Rua 
D4 Amphoe am Phong 
D5 Amphoe Kranuan 
D6 Amphoe Khon Kaen 
D7 Amphoe Mancha Khiri 
D8 Amphoe Ban Phai 
D9 Amphoe Phon 
E CHANGWAT LOEI 
El Amphoe Chiang Khan 
E2 Amphoe Thali 
E3 Amphoe Loei 
E4 Amphoe Dan Sai 
E5 Amphoe Wang Saphung 
F CHANGWAT MAHA SARAKHAM 
Fl Amphoe Chiang Yun 
F2 Amphoe Kosum Phisai 
F3 Amphoe Kantharawichai 
F4 Amphoe Borabu 
F5 Amphoe Maha Sar akham 
F6 Amphoe Wapi Pathum 
F7 Amphoe Phayakkhaphum Phisai 
G CHANGWAT NAKHON PHANOM 
Gl Amphoe Ban Phaeng 
G2 Amphoe Si Songkhram 
G3 Amphoe Tha Uthen 
G4 Amphoe Nakhon Phanom 
G5 Amphoe That Phanom 
G6 Amphoe Na Kae 
G7 Amphoe Kamcha-i 
GB Amphoe Mukdahan 
H CHANGWAT AKHON RATCHASIMA 
Hl Amphoe Khong 
H2 Amphoe Bua Yai 
H3 Amphoe Dan Khun Thot 
H4 Amphoe Non Thai 
H5 Amphoe Non Sung 
H6 Amphoe Phimai 
H7 Amphoe Sikhiu 
HB Amphoe Kham Thale So 
H9 Amphoe Sung Noen 
H10 Amphoe Nakhon Ratchasima 
Hll Amphoe Chakkarat 
H12 Amphoe Pak Chong 
H13 Amphoe Pak Thong Chai 
H14 Amphoe Chokchai 
H15 Amphoe Khon Buri 
J CHANGWAT NONG KHAI 
Jl 
J2 
J3 
J4 
J5 
J6 
Amphoe 
Amphoe 
Amphoe 
Amphoe 
Amphoe 
Amphoe 
Si Chiang Mai 
Tha Bo 
ong Khai 
Phon Phisai 
Bung Kan 
Seka 
K CHA GWAT ROI ET 
Kl Amphoe Phon Thong 
K2 Amphoe Roi Et 
K3 Amphoe Thawatchaburi 
K4 Amphoe Selaphum 
K5 Amphoe At Samat 
K6 Amphoe Chaturaphak Phiman 
K7 Amphoe Kaset Wisai 
KB Amphoe Suwannaphum 
K9 Amphoe Phanom Phrai 
L CHANGWAT SAKON AKHON 
Ll Amphoe Wanon Niwat 
L2 Amphoe Sawang Daen Din 
L3 Amphoe Waritchaphum 
L4 Amphoe Phanna Nikhom 
L5 Amphoe Sakon Nakhon 
M CHANGWAT SISAKET 
Ml Amphoe Rasi Salai 
M2 Amphoe Uthumphon Phisai 
M3 Amphoe Sisaket 
M4 Amphoe Kanthararom 
M5 Amphoe Khukhan 
M6 Amphoe Khun Han 
M7 Amphoe Kantharalak 
5. 
N CHANGWAT SURIN 
N1 Amphoe Chumphon Buri 
N2 Amphoe Tha Tum 
N3 Amphoe Rattanaburi 
N4 Amphoe Surin 
N5 Amphoe Si Khoraphum 
N6 Amphoe Samrong Thap 
N7 Amphoe Prasat 
N8 Amphoe Sangkha 
o CHANGWAT UBON RATCHATHANI 
01 Amphoe Yasothon 
02 Arnphoe Loeng Nok Tha 
03 Arnphoe Chanuman 
04 Arnphoe Kham Khuan Kaeo 
05 Arnphoe Arnnat Charoen 
06 Arnphoe Phana 
07 Amphoe Trakan Phutphon 
08 Arnphoe Khemarat 
09 Arnphoe Maha Chana Chai 
010 Arnphoe Khuang Nai 
011 Arnphoe Muang Samsip 
012 Arnphoe Ubon Ratchathani 
013 Arnphoe Phibun Mangsahan 
014 Arnphoe Khong Chiam 
015 Amphoe Ban Dan 
016 Amphoe Warin Chamrap 
017 Arnphoe Det Udom 
018 Arnphoe Buntharik 
P CHANGWAT UDON THANI 
P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
Amphoe 
Arnphoe 
Arnphoe 
Arnphoe 
Arnphoe 
Arnphoe 
Arnphoe 
Arnphoe 
Ban Phu 
Phen 
Ban Dung 
ong Bua Lam 
ong Sang 
Udon Thani 
ong Man 
Kumphawapi 
Phu 
6. 
Method 
RELIEF AND DRAINAGE 
MAP 1 
7. 
The drainage pattern and contours were obtained from 
1:1 million maps (Series 1101 ) and reduced to the presented 
size . Contours above 300 metres were shown on the source 
maps but the bounded areas were of such limited extent that 
the contour s would only have led to confusion at a reduced 
scale . 
Discussion 
Basically the region is a generally low, saucer -
shaped platform tilted towards the southeast and reaching 
its topographical epigee about the Mun -Chi junction, some 120 
metres above sea level. A narrow, broken scarp runs along 
the southern boundary and the higher and broader Phetchabun 
Range marks the western f lank. Trending diagonally across 
the northeast quadrant is a range of dissected low mountains 
and hills mostly less than 600 metres a.s.l. In the northwest 
quadrant, a series of narrow discontinuous ridges loop out 
from the Phetchabun Range to partly enclose a low lying area . 
All ri ver s drain eventually to the Mekong , the majority 
via the Mae am Mun system . Bo th the Mun and its large 
tributary, the Lam Chi, have low gradients (average abo t 
1 foot per mile ) and sluggish flows and contain numerous 
meanders and related features , especially just above their 
junction . Like Tonle Sap in Cambodia, the Mun acts as an 
overflow reservoir for the Mekong at high water, and back-
floods occur annually, reaching close to the Mun - Chi junction . 
The only other river of consequence is the Si Songkhram , which 
originates at the northern end of the Phu Phan Range and flows 
north to the Mekong; less than 30 miles from its destination 
it is beheaded and turns 1 200 to flow parallel to the range, 
meander i n g tightly through lowlying areas until the Mekong is 
reached . The main points are : 
-....... . 
1 ) The predominance of dendritic drainage patterns 
are suggesti v e of relatively uniform and 
horizontal sediments beneath . 
2 ) The o verall aspect of subdued relief is 
illustrated by the large area (abou t 85 
per cent of the region ) which lies be t ween 
1 20 and 300 metres above sea level . 
3 ) Although all drainage is to the Mekong , the 
Mae Nam Mun system accounts for almost three 
quarters of the r egion. 
4) The ranges are irregular ln outline and 
discontinuous for the most part • 
8 . 
9. 
AVERAGE SLOPE 
~P2 
Method 
The measurement of average slope used here is bas ed on 
the method de veloped by C. K. Wentworth (1930). It was considered 
more suitable than others such as G. Harold- Smith's (1935 ) 
method of relative relief or amplitude, because of the large 
extent of flat areas. This involved the analysis of some 430 
maps of Series L708 , at a scale of 1:50 , 000 (2 cm = 1 Km. or 
1 mile = 1.27 in. approximately ) . These maps are overprinted 
with the 1000 metre military grid and have a basic contour 
inter val of 20 metres with supplementary contours at 10 metres 
in all areas except those of very strong relief. The junction 
of each 10,000 metre grid line was treated as a sample point 
and the number of 10 metre contours crossing the four, 10 
kilometre - long perpendiculars about the sample point were 
counted and entered on the 1 : 500,000 base map . Where only 20 
metre contours were present the total number was doubled . In 
this fashion a grid of values, 10 kilometres apart, was 
developed over the whole region. Wentworth actually averaged 
the results for a quadrangle from four grids ( IS, E/W, E/SW 
and NW/SE ) but for reasons of time and tedium only two grids 
were used here, and , to be more realistic, values for a point 
rather than a quadrangle were calculated . 
In deriving his formula Wentworth predicated that 
contours cross grid lines randomly at any angle between 0 and 
90 degrees and calculated the a v erage of all sine values 
between 0 and 90 degrees. His formula, using metric units 
becomes: 
tan Q = N x CI 
L x (0 . 6366 ) 
where 9 = average slope in degrees 
N = total number of contours 
crossing the grid lines 
CJ = contour interval in metres 
L = total length of grid lines 
in metres 
0 . 6366 = a constant ( the a verage of 
sin e valu es between 0 and 
90 degrees ) 
10. 
From this formula, for a 10 metre contour interval and a total 
grid length of 40 kilometres, the following associations 
between sample point values and average slope were calculated: 
when N = 22, Q = 3 0 30 ' 
N = 44, Q = 1 0 00 ' 
N = 88, Q = 2 0 00 ' 
N = 264, Q = 6 0 00 ' 
Isolines were drawn joining these values and the resultant map 
reduced and colour shaded . 
Discussion 
The values appear to show rather low average slopes with 
individual sample points ranging from 0 to 23 degrees. This 
can partly be explained by the 10 metre contour interval not 
revealing some minor slopes, and partly because of overlap 
since each 10 kilometre line is used for two neighbouring values 
which would tend to smooth dramatic changes in slope . The 
descripti ve terms are more arbitrary than classic and are 
intended to describe the actual terrain rather than the slope 
values. 
The map shows a strong identification with some of the 
formation boundaries on the geology map, and while not to be 
unexpected was gratifying because it was completed before the 
geology map was sighted . The hilly and mountainous areas 
correspond with the Jurassic sandstones and in the west also 
with the Palaeozoic and igneous rocks. Similarly small changes 
i n s lope in the south reflect some of the basalt outcrops. 
The undulating area around N2 is caused by numerous and frequent 
levees and meander features about the Mae Nam Mun which were 
of sufficient relief to register on the 10 metre contours. 
It is noteworthy that ln the southern basin the Khok 
Kruat Formation is classified "flat" along the lower edge but 
corresponds with undulating terrain and includes some rolling 
country on the northern rim . About the Phu Phan Range it is 
included in the rolling country with a close similarity in 
boundaries , but further north it is undulating to rolling. 
11 . 
In much the same way the Salt Formation is largely flat in the 
south and undulating in the north. Thus on these two fo rmations 
there is a general increase in average slope fr om south to 
north corresponding with an increase in general elevation. 
Six physiographic provinces are suggested by the 
Average Slope Map. These are : 
I. Mun -Chi Basin 
This is the large flat to undulating area in 
the south , centred about the Mun and Chi 
rivers. The physiographic province boundary 
would be that between the undulating and 
rolling country. 
II . Dangrek Range 
III . 
The rolling, hilly and undulating belt along 
the southern boundary and extending up the 
eastern edge to the mouth of the Mae Nam Mun 
is included in this province. 
Phu Phan Highland 
This province trends northwest from the mouth 
of the Mun to the foothills of the Western 
Highland and takes in the rolling, hilly and 
mountainous slopes. 
IV. Si Songkhram Lowland 
Much of the north eastern portion is included 
in this undulating and occasionally rolling 
province . 
V. Western Highland 
This includes the Phetchabun Range and its, 
foothills and is largely bounded by the lower 
edge of hilly slopes . 
VI . Chumphae Basin 
This is a relatively small , egg - shaped lowland , 
lying within the Western Highland . The undulating 
and rolling land surrounds an interesting 
sandstone feature, not unlike a kidney basin 
in form, with rims more than 350 metres above 
the surrounding and enclosed terrain, and 
with a narrow break in its forward edge. 
12. 
Table 1 - 2 shows the relationship between the physio -
graphic pro vinces and the Geology and Average Slope maps, 
along with generalised land cover . Table 1 - 3 draws heavily 
on the work of Moorman et al ( 1964 ) and is an initial attempt 
at deriving physiographic units. These units are frequently 
too small to be shown on map scales used here , but it is 
hoped that they may be of some a ssistance in understanding 
the nature of Northeast Thailand. 
Method 
GEOLOGY 
MAP 3 
13. 
This is based on a map in Phincharoen (1967 ) which in 
turn was reduced and modified fr om a geologic map at 1: 500 ,000 
scale prepared by Haworth, Javanaphet, Na Chingmai and 
Phincharoen in 1964. In Map 3 some of the boundaries have 
been generalised and the descriptions considerably abbreviated. 
Also the two Jurassic formations have been grouped together 
as have the various Palaeozoic rocks and most of the igneous 
rocks. 
Background 
The region was once part of a vast Palaeozoic sea in 
which clastic and limestone sediments accumulated. At the 
close of this period movement locally compressed and deformed 
some of these into north-south trending ridges of folded 
mountains forming the Phetchabun Range. In Mesozoic time 
uplift occurred and widespread peneplanation and deposition 
of sandstone , siltstone and conglomerates resulted. Further 
uplift occurred towards the end of Tertiary time with minor 
volcanic intrusions in the south . At this time the Mekong 
probably flowed across a vast plain between the Phetchabun 
Range and the Annam Cordillera, somewhat hypotenusal to its 
present near right-angled course. Later block uplift across 
this floodplain reversed the land slope and the southern edge 
of the block was tilted upward to form the scarp-like Dangrek 
Range. Resultant folding and squeezing along the northern edge 
created the Phu Phan Range and effectively diverted the Mekong 
eastward. Shallow closed seas or inland basins later flanked 
this range, and deposi tion and evaporation left b,ehind 
evaporites interspersed with shales and siltstones. These have 
since been covered to some extent by erosional products f rom 
the s urrounding highlands. 
14. 
Discussion 
The bulk of the region is underlain by flat-lying, 
reddish, sandy or silty Mesozoic formations. The softer beds 
have been eroded to a subdued flat to rolling landscape with 
the prominent relief caused by the resistant s andstone and 
conglomerate outcropping. Palaeozoic rocks containing some 
igneous intrusions form the basement and the backbone of the 
Phetchabun Range, while in the south scattered basalt out-
pourings occur. Lining the major streams is recent alluvium, 
generally less than 100 feet deep, but deeper in parts of the 
Mekong valley and over 300 feet thick in places along the Mae 
Nam Mun. (Phincharoen 1967). 
15. 
TABLE 1 - 2 
PHYSIOGRAPHIC PROVINCES 
Mun - Dangrek Phu Phan Si Song-Chi khram Western ChumphaE 
Basin Range Highland Lowland Highland Lowland 
Alluvium XX X 
Salt Fm XXX XXX 
Khok Kruat XXX XX XX 
>. Phu Ph an ) 0' 
0 Phra Wihan ) XXX XXX xx X 
r-i 
0 
Q) Phu Kradung X XX XXX l? 
Palaeozoic XX 
Basalt X 
Igneous X 
Flat XXX X 
>. Undulating XX XXX XX 
H 
Q) 0 
0..0' Rolling X X XX X o Q) 
r-i+-' (J)ci1 Hilly XXX XXX X XX X U 
Mountainous X XX XX 
H Grasslands 
+-' Q) and swamp X X c > 
ci1 0 
cu Ricefields XXX XX X XX OM 
6'0 
o C Q ci1 Forest X XXX XXX XX XXX XX 
....:l 
xxx = Dominant 
XX = Considerable occurrence 
X = Some occurrence 
Slope Category Aspect 
'r) C ::<:l ::r: 3: l' ::r: l' C ::r: 
t-' ;:l 0 ..., . 0 0 ...,. 0 "d ..., . 
III 0. t-' t-' ~ ~ \0 ~ t-' \0 
c+ ~ t-' t-' ;:l t-' ::r t-' III ::r 
t-' ..., . '< c+ III ro III ;:l t-' 
III ;:l III ;:l Ii ;:l 0. III 
c+ \0 ...,. 0. 0. ;:l 
..., . ;:l 0. 
;:l 0 
\0 ~ 
IJJ 
t 
TABLE 1 - 3 
PHYSIOGRAPHIC UNITS 
Feature Soil Extent Land Cover 
Remarks 
Natural levees 
Alluvial plains, 
river basins 
narrow 
not wide -
spread 
loam 
clay 
garden crops Rough microrelief 
irrigated rice High rice yields 
Narrow alluvial 
valleys 
Backswamps, ponds 
"Tungs" 
limited 
small, 
scattered 
few but 
extensive 
sand, loam padi 
clay 
loam 
swamp 
grass and low 
scrub 
Wide , low plains widespread sand, loam padi 
Intermediate level limited 
plains 
Shallow depressions limited 
Shallow depressions limited 
sand padi , fallow 
loam , sand bare 
loam padi 
Shallow depressions limited sandy loam scrub or 
dipterocarps 
Low uplands widespread sandy loam dipterocarps 
secondary 
forest 
Mainly around smaller streams 
May be inundated all year 
Flat grassy floodplains . 
Inundated in wet season 
Majority of rice - growing areas 
Excessi ve drainage cau sing 
short growing season . 
Frequently fallow . 
Very saline soils 
Frequent outcropping of 
laterite 
Includes many interfluv es . ~ 
Some shifting cultivation . • 
Slope Category Aspect 
'TJ c::: ;:0 ::r: 3: r' ::r: r' I--' :J 0 1-'- 0 0 1-'- 0 
PJ 0. I--' I--' C ~ \0 ~ 
c+ ~ I--' I--' :J I--' :J I--' I--' 1-'- '< c+ ~ ro ~ PJ :J PJ Ii 
c+ \0 1-'- 0. 0. 
1-' - :J 
:J 0 
\0 ~ 
(f) 
t t 
c::: ::r: 
"d 1-' -I--' \0 
~ :J I--'Feature Extent 
0. PJ 
:J 
0. 
Basalt few and 
small 
~ t Steep slopes widespread and hilltops 
Soil Land Cover 
clay vegetable s , 
padi 
shallow dipterocarps 
stoney 
loarns 
Remarks 
Occurs only in south 
Also includes knolls and 
rocky outcrops are frequent 
..... 
'-l 
18. 
MEAN ANNUAL RAINFALL 
MAP 4 
Background 
As in many parts of Southern Asia, the climate of 
Northeast Thailand is dominated by the monsoon rhythms, with 
distinct wet and dry seasons separated by shorter transitional 
periods. From November to February the Northeast Monsoon 
prevails with little rainfall, low humidity and high evaporation, 
and cool temperatures. December and January are the coolest 
months and the driest. During the Southwest Monsoon from 
June to September , the weather is warm, humid and rainy. 
Separating these is the Spring Transition, the hot season of 
Thailand, which lasts from March until late May with mean daily 
o 
maximum temperatures commonly around 100 F, and reaching a 
maximum ln April before the rains set in. The shorter Autumn 
Transition, from the wet to the dry season usually occurs in 
October, although heavy rains can be experienced into November. 
In the Koeppen classification the climate is Awg (Tropical 
Savanna ). 
In general terms about 90 per cent of the annual 
precipitation falls in the six months from May to October, and 
most of the remaining precipitation occurs close to either end 
of this period. Monthly maxima are usually in September or 
October when the moist southwest monsoon reacts with the 
strengthening northeast monsoon; this may be augmented by 
tropical storms originating in the South China Sea , which have 
extended into the region. The latter may provide torrential 
rain on their own account as well as inducing further activity 
from the monsoon. 
Method 
The problems involved in obtaining reliable rainfall 
data and the lack of agreement in existing rainfall maps are 
discussed in Appendix A. In the map presented here, mean 
annual precipitation values for 106 stations distributed over 
the entire Northwest Region were ob tained from Table 14 in 
" Su r vey of Water Resources - Mu n and Chi Basins" ( Bu reau of 
Reclamation 1965 ). Valu es were entered as read to retain a 
form of consistency , despite the questionable nature of some 
19 . 
as discu ssed in Appendix A. The isohyets are not slavishly 
dic tat ed by individual values and sUbjective judgement has been 
u sed ( e . g . the 1400 m. m. isohyet near P6 ) ; they hav e also 
purposely been drawn uncomplicatedly to help convey an air of 
generalisation and fallibility . 
DISCUSSION 
The mean annual rainfall over o r theast Thailand 
1S between 1300 and 1400 m. m. The map shows a definite increas -
ing trend from the southwest corner to the northeast . A 
rainshadow effect created by the Phetchabun Range depri ves the 
western parts, mainly Changwats Nakhon Ratchisima ( H) and 
Chaiyaphum ( B) , of the full benefits of rain b r ought by the 
sou thwest monsoon . Here some stations recei v e less than 1000 
m. m. per year but as the moisture laden winds mo ve northeast -
ward this effect is lessened . Towards the eastern margins the 
proximity of the Annam Cordillera causes these winds to rise , 
resu lting 1n increased precipitation . This is especially so 
in the northeast corner where augmentation from eastward mo v ing 
tropical storms creates annual valu es abov e 2000 m. m. 
notes on rainfall are in Appendix A). 
(Additional 
Method 
POPULATION DISTRIBUTION 
MP5 
20. 
Data used were from the 1960 Population Census. Amphoe 
boundaries were drawn on 1:250,000 work maps, and the size and 
value of the dot were determined by experimentation along the 
lines set out by Robinson (1960 ), using the most and least 
densely populated amphoes ln the study area. The final choice was 
that combination which would just begin to join the highest 
density areas, yet still provide some useful representation 
in the least populated amphoe. A larger diameter dot would 
perhaps have shown more continuous patterns of population. The 
most densely populated areas are quite properly shown by joining 
dots, but they are of very limited areal extent and this has 
been at the expense of some under - expression in the medium to 
high density areas . 
All centres of over 9500 people were marked on the 
1:500,000 base map by a circle containing the population ln 
thousands. The figure of 9500 was felt to be limit which 
could satisfactorily be represented by grouped dots in the 
area covered by the town. Based largely on the patterns of 
village locations and rice areas shown on the 1:50,000 scale 
maps, the number of dots available for each amphoe ( total 
population minus population of centres over 9500, divided by 
2000 ) was dis t ributed within the amphoe boundaries by ten 
kilometre square s . The maximum number of dots fo r each square 
was 1 6 , corresponding to a maximum density of 320 people per 
s quare kilometre. A tolerance of plus or minus ten per cent 
was allowed although fi ve per c nt was achieved in most amphoes . 
That is to say a count of dots within a n amphoe will show the 
amphoe populationto be at least within ten per cent of the 
actual figure . The dots on the 1: 250,000 work map s were then 
transferred by grid squares to the compilation map at 1:500,000 
and inked . 
Discussion 
A generally open patte r n of popu lation dist r ibution 
is shown which is partly caused by the size and value of the 
dot as discussed abov e , but is also undoubtedly due to the 
distribu tion itself. With a population density of about 54 
people per square kilometre, the region as a whole falls in 
the lower end of the density guide . Notwithstanding , some 
obviou s patterns are rev ealed , the most interesting points 
being: 
( a ) The areas of hilly and mountainous terrain 
in the Phu Phan Range in the northeast 
quadrant stand out as sparsely populated 
as do the bordering ranges in the south 
and west . 
( b ) There is definite alignment of popu lation 
along the main lines of communication . ( See 
map 10 ). This of cou rse cou ld be a vice 
versa situation but considering the large 
populated areas not now served by all - weather 
transport, one surmises that the people have 
been attracted to the communications . 
( c ) An over - all sparseness is discernable in the 
areas subject to seasonal inundation and of 
poor fertility lying between the lower 
reaches of the Lam Chi and the Mae am Mun 
in the central - southern part of the map . 
( d ) In contrast to the broad distribu tion in the 
eastern half is the more strung- out pattern , 
obv iously along valleys , in the western half 
especially in the north . 
( e ) There is a tendency for concentrations of 
population abou t , and adjacent to the large r 
centres , particu larly arou nd those centres 
on the main north - sou th highwa y and railway . 
21 . 
Method 
POPULATION DENSITY 
MAP 6 
22 . 
The dot map of population, compiled at a scale of 
1:500,000, was overlain by the 10 kilometre square military 
grid . The number of dots in each square was counted and 
multiplied by 20 to give an average point value in people 
per square kilometre for each 10 kilometre square . Isopleths 
were drawn at selected intervals and referred to the topo -
graphic map for adjustment to avoid false closures and trends. 
Discussion 
Because of the method of construction , this map has 
a close similarity with the dot map of population distribution , 
and many of the observations made there are reinforced by this 
map . One noteworthy feature is the area of high density in 
the centre , about Arnphoe Roi Et (K2 ) , which is not so apparent 
on Map 5 . A surprising feature is the lack of close (or less 
close than one would expect ) correlation between density and 
average slope (Map 2 ). This is particularly noticeable ln 
the north where two speculations are worth considering . In 
the north - west it is probably because the technique used for 
slope analysis tended to mask narrow valleys , and the whole 
area is shown as mountainous or hilly without regard to the 
narrow but inhabited valleys such as in Amphoes E1, E3 , and 
E5 . The lack of agreement in the northeast suggests areas of 
flat land that are under - populated compared with other flat 
or undulating areas . 
Method 
DISTRIBUTION OF ARABLE LAND 
MAP 7 
23. 
The basic technique employed here is the same as was 
used in constructing the dot map of population with some 
modifications. The dot size and value was selected to occupy 
the same area on the scale of the work map. For example, if 
a ten kilometre square was entirely arable, ideally there 
would be sixteen and two - thirds dots located within that square 
such that they meshed together with only small gaps at the 
junction of four dots to facilitate counting. In fact, because 
of villages, watercourses, roads etc., 16 was the maximum used. 
The total number of dots necessary for the arable land in the 
amphoe was distributed within the boundaries and placed in ten 
kilometre squares by reference to the cultivated areas on the 
1:500,000 scale maps. Some adjustment was necessary in all 
amphoes until the dots available equalled the dots present. 
As in the dot map of population a tolerance of plus or minus 
ten per cent was allowed, and the map was checked against the 
topographic map for obvious anomalies. The somewhat computerised 
appearance is attributable to the method of dot placing and the 
contiguous nature of the ricefields. The map does give the 
visual impression that 21 per cent of the region is classified 
as arable. 
Discussion 
Because of the large proportion of agriculturalists 
in the total population and the similar basis of locating dots 
there is a very close similarity in patterns between this map 
and the dot map of population distribution. In some ways this 
map is more illustrative of the same revelations as the 
population map and the same delineation of physical features 
discussed there are pr sent in this map, and more strikingly . 
24 . 
Three basic patterns of cultivation can be detected : polygonal 
clustering (especially in the southeast ); elongation along 
valleys and watercourses; and small scattered cultivations. 
There is little correspondence between this map and the map 
showing the percent of holdings area irrigated (Map 22 ). Thi s 
is difficult to understand and could perhaps be caused by s ome 
of the weaknesses of that map as di s cussed below. 
Method 
PERCENTAGE OF LAND ARABLE 
MAP 8 
25. 
The technique here was much the s ame as used in 
compiling the map of population density from it s corresponding 
dot map. From the dot map of arable land the number of dots 
in each 10 kilometre square were counted and multiplied by 6 
to give the percentage of each 10 kilometre square classified 
arable. This was entered in the centre as a point value and 
isopleths were drawn at selected intervals and referred to the 
topographic map for adjustment of trends and the avoidance of 
obvious anomalies. 
Discussion 
As would be expected, this map in many ways, duplic-
ates patterns and trends evident in the dot map of arable land. 
But it expresses them more vividly and highlights some of the 
smaller but concentrated areas of cultivation and provides more 
visual continuity to the major trends . Particularly evident is 
the linear trend in the extreme southwest corner, along the 
valley which serves as the main corridor of entry to the region. 
The map also makes the impression that even in the south, areas 
of concentrated cultivation are by no means continuous. 
METHOD 
RATIO OF POPULATION TO ARABLE LAND 
MAP 9 
This map measures what is often referred to as 
"comparative density" ( e.g. Monkhouse and Wilkin s on, 1963, 
p . 266 ). The values for arable land and population in each 
25a. 
ten kilometre square were obtained from the work sheets used 
prev iously for the individual maps of these measurements. The 
ratio for each square was calculated and used as a point value 
for the drawing of isopleths. 
DISCUSSION 
Much of the area shows a nearness to the Northeast 
a v erage of 24 people per rai. In pattern there is some simil -
arity to both parent maps, and ln general, the areas of high 
population have more land available per person and the less 
dense areas, less land available. This is particularly true 
in the lower half of the map where the densely populated Mun - Chi 
basin stands out as an area of low comparative density . In 
the north, especially the northeast quadrant, this generalisation 
does not apply so readily and several lows are outstanding for 
no reason traceable to the parent measures. Here if anything, 
the trends are at right angles to those of arable land and 
settlement, and several reasons for this situation are suggested . 
Firstly, because of the low actual number of people involved 
and their high dispersion, the ten kilometre grid may not have 
been fine enough to relate the people to the land they actually 
cultivate, thus creating marked contrasts between adjacent 
values , which in a more uniformly and densely settled and 
culti vated area would tend to be smoothed out . Alternatively, 
it may indicate greater pressure on the land becauSe , compared 
with the Mu n - Chi basin, soil and rainfall conditions are such 
that less land is needed to satisfy the food requirements of 
a person . Lastly , it must not be o verlooked that the situation 
cou ld be genuine as mapped and in fact this quadrant is different 
from the rest of North ast Thailand . 
Method 
COMMUNICATIONS AND URBAN CENTRES 
MAP 10 
26. 
Data for the classification of centres were taken 
largely from Sternstein (1964 and 1965), augmented by personal 
estimates in places to include all the amphoe sea~ Thus an 
urban centre here can be defined as one of over 1000 people or 
an amphoe headquarters. Centres of less than 1000 population 
and not amphoe seats would in all likelihood have few of the 
facilities usually associated, even in this extended sense, 
with an urban centre. 
The roads classified as all - weather on Map 2 of the 
atural Resources Atlas, Volume 1 (R.T. S .D.1966) were used here 
with the detailed alignment, taken from the 1:250,000 and 
1:500,000 maps, as was the railway information. Lines were 
drawn parallel to the roads at distances of 10 and 20 kilometres; 
similarly circles of 10 and 20 kilometre radius and centred on 
railway stations were drawn and linked at their intersections. 
It was estimated that the two most popular means of rural 
transport in the Northeast - the buffalo cart and its smaller 
kin the ox- cart, could be reasonably expected to travel ten 
kilometres of rough track in about three hours. Assuming little 
lapse of time before supplementary transport comes along an 
all - weather road, or th8 local station master performs the 
necessary documentation, ten kilometres represents a good half 
day ' s travel to and fro and twenty represents a f ull day. 
These figures are more optimistic than those used by Bhat 
(Learmonth and Bhat 1961 p . 134 ) in a map of road accessibility 
where it was assumed "that about 5 miles would be the optimum 
distanc to reach the motorable roads by means of bullock carts 
and thre miles are not too much to walk" . 
Despite their obs rv d importance locally and along 
sections of the Mekong, inland waterways were not included in 
this map chiefly because of inad quate a vailable documentation . 
27. 
Discussions 
Bearing in mind the areas of rugged terrain, the map 
tends to support the Vlew that, "in combination with the rail -
road lines , the existing highways on the North-east constitute 
a well distributed network of primary roads which conform to 
the major flow of traffic". (Platenius, 1963, p.82). The 
main north/south line of communication, where the Friendship 
Highway and the railway are practically parallel, is made 
prominent by the number of roads branching off the highway. 
In addition four of the five largest towns are on its course. 
From south to north these are: akhon Ratchisima (usually 
called Khorat ) , 42,218 people; Khon Kaen, 19,548; Udon Thani, 
30,884; and Nong Khai, 22,120; the remaining large centre is 
Ubon Ratchathani with 27,222 people. A large proportion of 
Laotian imports travel along this route from Bangkok, bound 
for Vientiane, after being transhipped across the Mekong at 
ong Khai. 
A major exception to the well - distributed network 
is apparent just east of Khorat where there is a considerable 
population and no physical barrier to road construction . It 
is possible that the populace here relies to a considerable 
degree on water transport for local movement, especially as 
the Mae Nam Mun bisects the area . Most centres containing 
over 2500 people are served by a road, except for three along 
the east/west rail line and one other some 20 kilometres beyond 
a road ' s end . It is noteworthy that a road system, either all -
weather or planned soon to be so ( which category is not shown 
o . d here ) follows the line of the Mekong from 102 30 east longltu e 
to wh re it crosses the sixteenth parallel . This may be 
primarily for security purposes along the riverline border , 
but it could suggest that v en the Mekong is no transportation 
substitut for roads . 
28. 
A rough but reasonable estimate of the urban population 
in the region was made from groupings on this map and available 
data. For the two highest categories, figures from Sternstein 
(1965 ) showed that some 200,000 people, or just over two per 
cent of the Northeast ' s nine million, live in centres of more 
than 10,000 population. * In each of the next three categories 
the number of centres in each was multiplied by the interval 
mean; this gave about 100,000 or one per cent in the 5000 to 
10,000 group, another 100,000 in the 2500 to 5000 bracket and 
40,000 or about 0.5 per cent between 1000 and 2500 . To 
s ummari se, only about five per cent of the total population ln 
the Northeast live in centres of more than 1000 people. 
* This do s not agree with the s ummation of figures in the dot 
map of population distribution because figures used there 
were to the nearest 1000. 
Var 
Population Density 1 
Female Fertility 2 
Population Replacement 3 
School Enrolment 4 
Students per Teacher 5 
Average Household Size 6 
Average Village Population 7 
Females vs Males 8 
Distance Between Villages 9 
% Population Remote 10 
% Population Agricultural 11 
% Amphoe Hilly 12 
% Amphoe in Holdings 13 
Holding Area per Ag. Person 14 
Average Size Holding 15 
% Holdings Very Small 16 
% Holdings Very Large 17 
% Holdings Area Crops 18 
% Holdings Area Fallow 19 
% Holdings Area Tree Crops 20 
% Holdings Area Woodland 21 
% Hol ding s Area Irrigated 22 
Ri c e Yield 23 
TABLE 1-4 
-----
1 2 3 4 5 6 7 8 9 10 11 12 13 
X -.49 .05 .07 -.32 .39 .01 .30 -.82 -.38 -.25 -.54 .82 
-.49 X .38 .02 .41 -.25 .29 -.65 .57 .13 -.15 .43 -.50 
.05 .38 X -.11 .13 .06 . 39 -.07 .05 0 .06 .01 .23 
• 07 • 02 -. 11 X • 02 -. 03 - • 03 - • 26 .04 - • 26 - . 43 • 02 0 
-.32 .41 .13 .02 X -.15 .27 -.17 .35 .14 .17 .17 -.25 
29. 
at 0.5 level r + 0.172 
at 0.1 level r ± 0.224 
14 15 16 17 18 19 20 21 22 23 
.03 .21 -.32 
.10 .51 .02 -.14 -.49 -.02 -.40 
.50 0 .11 
.09 -.46 -.16 .25 .57 .11 .40 
.45 .47 -.32 
.51 .03 0 -.15 .05 .09 -.10 
.09 -.07 .07 .05 -.14 .04 .24 .10 .06 .20 
.07 .03 -.01 
.14 -.43 .12 .17 .37 .17 .24 
.39 -.25 .06 -.03 -.15 X -.19 .37 -.50 -.05 .25 -.31 .41 -.06 .10 -.12 .08 .37 -.02 -.20 -.35 -.01 -.16 
.01 .29 .39 -.03 .27 -.19 X -.26 .32 -.23 -.14 .26 -.01 
.17 .21 -.17 .33 -.20 .06 .02 .19 .22 .17 
.03 -.65 -.07 -.26 -.17 .37 -.26 X -.50 .08 .54 -.50 .46 
.04 .11 -.29 -.02 .36 .08 -.35 -.35 -.12 -.47 
-.82 .57 .05 .04 .35 -.50 .32 -.50 X .25 0 .66 .74 o -.18 .33 -.03 -.53 -.07 .26 .53 .09 .49 
-.38 .13 0 -.26 .14 -.05 -.23 .08 .25 X .31 .09 -.30 
.05 .01 .07 -.06 -.11 -.04 -.07 . 16 .01 -.09 
-.25 -.15 .06 -.43 .17 .25 -.14 .54 0 .31 X -.08 .06 
.03 .06 -.04 .01 .08 -.02 -.31 0 -.03 -.02 
-.54 .43 .01 .02 .17 -.31 .26 -.50 .66 .09 -.08 X -.59 -.26 -.39 .55 -.20 -.20 -.16 .33 .19 .21 .64 
.82 -.50 .23 -.01 -.25 .41 -.01 .46 -.74 -.30 .06 -.59 X .36 .51 -.50 .37 .48 .13 -.33 -.48 -.08 -.49 
.03 .05 .45 .09 .07 -.06 .17 .04 o .05 .03 -.26 .36 X .89 -.65 .80 -.10 .19 -.35 .12 -.09 -.49 
.22 o .47 -.07 .03 .10 .21 .11 -.18 .01 .06 -.39 .51 .89 . X -.76 .87 -.02 .26 -.41 -.01 -.06 -.64 
-.33 .11 -.32 .07 -.01 -.12 -.17 -.29 .33 .07 -.04 .55 -.50 -.65 -.76 X -.54 -.01 -.14 .47 -.08 .05 .77 
.10 .09 .51 .05 .14 .08 .33 -.02 -.03 -.06 .01 -.20 .37 .80 .87 -.54 X -.15 • 40 - . 16 - • 03 .03 -.42 
.51 -.46 .03 -.14 -.43 .37 -.20 .36 -.53 -.11 .08 -.20 .48 -.10 -.02 -.01 -.15 X -.41 -.35 -.70 -.09 -.24 
.02 -.16 0 .04 .12 -.02 .06 .08 -.07 -.04 -.02 -.16 .13 .19 .26 -.14 .40 -.41 X .22 -.30 o -.21 
-.14 .25 -.15 .24 .17 -.20 .02 -.35 .26 -.07 -.31 .33 -.33 -.35 -.41 .47 -.16 -.35 .22 X 0 .11 .46 
-.49 .57 .05 .10 .37 -.35 .19 -.35 .53 .16 -.01 .19 -.48 .12 -.01 -.08 -.03 -.70 -.30 o X .05 .25 
-.02 .11 .09 .06 .17 -.01 .22 -.12 .09 .01 -.03 .21 -.08 -.09 -.06 .05 .03 -.09 o .11 .05 X .14 
-.40 .40 -.10 .20 .24 -.16 .17 -.47 .49 -.09 -.02 .64 -.49 -.49 -.64 .77 -.42 -.24 -.21 .46 .25 .14 X 
Method 
POPULATION DENSITY 
MAP 11 
30. 
Population data from the 1960 Census for each amphoe 
and the amphoe areas measured by planimeter were used to obtain 
individual densities. 
Discussion 
With the exception of two enclaves along the Mekong, 
and Amphoe Udon Thani (P6 ), the general pattern is that of a 
basin of population encircled by a ring of low density amphoes . 
Within the basin there is a concentration along the middle 
courses of the Mun and Chi rivers with less dense amphoes 
midway between the courses. The low density amphoes forming 
the ring, probably to some degree, reflect the bias created 
by virtually uninhabited mountainous and hilly portions within 
their boundaries. Those amphoes containing the changwat head-
quarters generally show a higher density than their immediate 
neighbours owing to the greater degree of urbanisation 
accompanying this status. 
Method 
FEMALE FERTILITY 
MAP 12 
31. 
Sufficien t data were not avai lable to compute indices 
s uch as natural increase, crude birth-rate or net reproduction 
rates. However, from the 1960 Cens us was obtained the number 
of children under fi ve years of age per thou sand females of 
child-bearing age (con sidered in this case to be between 15 
and 49 years). This ratio can provide a useful indication of 
future population increases and is relatively easy to compute. 
Discussion 
From a comparison of maps and intercorrelations areas 
of high fertility are associated with the hillier, sparsely 
settled ring surrounding the densely populated central core. 
This is particularly prominent in the northwest but interest-
ingly less so in the northeast where amongst other things the 
terrain is less rugged. The main area of low fertility lies 
in the heavily populated central parts, especially astride the 
lower course of the Lam Chi. Optimistically this would be 
attributed to a natural (i.e. voluntary) reaction to population 
pressure but as the highest correlation of fertility is a 
negative one with female preponderance, it would be more real-
istic to associate the low fertility here with a lack of males 
in the population. Unless polygamy is assumed in the sparsely 
sett led areas, there is no justification fo r inverting the 
argument to explain the high fertility areas, and no logical 
explanation is offe red at this stage save a suspicion that 
youthfulness of the population may provide the answer in some 
cases. 
Method 
POPULATION REPLACEMENT 
MAP 13 
32. 
From the 1960 Popu l ation Census was calculated the 
number of children under 14 years for each 100 people over 60. 
This should provide an indication of the rate at which the 
expiring population is being replaced by the younger age 
g r oups . 
Discussion 
The percentage of population in the age group 15 to 
60 showed little variation and was mainly between 49 and 53 
per cent . Becau se of this , and the difficulty ln a predominant -
ly unsophisticated agricultural environment of knowing at what 
age people start or stop being helpful , it was decided not to 
calculate a dependancy ratio . The meas ure se lected here is 
perhaps not so usef ul for comparison with other populations as 
is the dependancy ratio, but it may be more meaningful in this 
study . 
The highest positive correlations are with the 
measures of large size holdings and large holdings area per 
agricultural person . There is also a positive correlation 
with female fertility which would be expected. From the map 
the areas of lowest replacement are in the high rainfall zone 
adjacent to the Mekong, about the Mun - Chi junction , and about 
Khorat (H10 ) , the largest centre in the region . The highest 
rates of replacement occur in the central north around Udon 
Thani ( P6 ) and in the centre . The former area was strongly 
featured on the previous map as an area of high female fertil -
ity whereas the centre was more an area of low fertility . The 
areas of low replacement generally agree with the areas of low 
fertility . 
33. 
SCHOOL ENROLMENT 
MAP 14 
Method 
The number of children in the age bracket 5 to 14 
years inclusive from the 1960 population census was compared 
with the school enrolment figure s for 1963 in the Changwat -
Arnphoe Statistical Directory . (N. S .O. 1965 ). In Thailand, 
schooling is compulsory for four years and from personal 
observations there is a general desire by parents to have their 
children stay even longer. This age bracket can be assumed to 
cover the most likely period of school attendance and it was 
felt that a comparison of this with the actual school enrolment 
in each amphoe may provide at least an indication of local 
variations in emphasis on education or available educational 
facilities or both. 
Discussion 
There are some major weaknesses in this measure. 
Firstly it takes no account of those who have finished their 
f our years and are no longer enrolled, either by desire or by 
lack of higher educational facilities , and assumes a continuum 
of education and attendant facilities . A second major weakness 
is that while the population data are for 1960, the school 
enrolment figures are for 1963 and no allowance is made for 
migration in this three year period. Thus it may be that some 
of those areas shown with a high rate of enrolment may actually 
be areas where there has been an influx of school age children 
since 1960 which has increased the enrolment but not registered 
in the population fig ure. * The same argument in reverse can be 
applied to explain areas of low enrolment . Thus it may be that 
this map is a better indication of migration than of education . 
Ev en this cannot be applied indiscriminately because it can be 
seen that except for Nong Khai (J3 ) the Charigwat seats all have 
* This cou ld explain the positi v e skewness in the histogram 
where four amphoes hav e values in excess of three standard 
deviations - the highest showing a 90 per cent enrolment ! 
34. 
high enrolment rates, probably reflecting the location of 
higher schools in these towns more than anything else. From 
the table of intercorrelations the only correlation well above 
the 0.1 level of significance is a negative one with the percent-
age of population agricultural which reinforces the argument 
that higher education facilities associated with greater urban-
isation place a strong bias on the map. 
Method 
STUDENT/TEACHER RATIO 
MAP 15 
Figures for the number of students and teachers in 
each amphoe were obtained from the Changwat - Amphoe Statist-
ical Directory ( N.S.O. 1965) and refer to 1963. 
Discussion 
35. 
Amphoes with a low ratio of students to teachers 
generally correlate with high population density. This could 
be a result of that trait, common in western countries, where 
there is a reluctance on the part of teachers to go out to the 
very r ural areas , and a preference for the comforts of a more 
centralised and perhaps more sophisticated existence. There is 
a tendency for the changwat seats to have a low ratio, which 
is possibly due to the presence of high schools with the 
necessarily more specialised teachers and smaller classes. 
As with many of the maps the contrast between the densely 
settled interior and the amphoes of the perimeter is evident , 
and on this map those along the Mekong on the eastern side 
appear slightly better- off for teachers than elsewhere on the 
perimeter. No explanation can be offered for this from the 
other maps but it is worth speculating that perhaps local people 
did their teacher training at the college in nearby Ubon 
Ratchathani (012) and have voluntarily returned to their native 
village . This may also account for the low ratios in amphoes 
bordering Nakhon Phanom (G4 ) and Maha Sarakham ( F5 ) where 
teacher training colleges are known to be. 
Method 
follows : 
AVERAGE HOUSEHOLD SIZE 
MAP 16 
The 1960 population census defined a household as 
"A private household includes one person living 
alone or two or more persons - related or 
unrelated - who combine to occupy in whole or 
in part a housing unit (or units) and to 
provide themselves with food or other 
essentials of living. A private household 
may contain one family , two or more families, 
or one or more families and other unrelated 
individuals, such as lodgers, employees etc. 
An institutional household includes priests 
living together in a temple, students living 
in dormitories, and inmates of prisons, mental 
hospitals, and the like. A household in which 
six or more boarders reside is treated as an 
institutional household. Persons usually 
residing in a hotel constitute an institutional 
household". 
36. 
In this map the total population of an amphoe was divided by 
the total number of households and the average number of people 
per household obtained. 
Discussion 
Despite the detailed definition of a household it 
was not really made clear in the table the data was taken 
from, whether the household used was private or both private 
and institutional combined. If it was the latter one would 
expect lower values for amphoes containing numerous and/or 
large insti tutions s uch as training college's and mili tary 
camps. A quick check was made in two amphoes where numerous 
37. 
institutions are known to be present by comparing the average 
size for agricultural and non - agricultural households. The max-
imum difference was not great ( 0.5 people ) and when used as a 
total arnphoe figure, the much more numerous agricultural house-
holds reduced this to less than 0 .1 people. In other words for 
our purposes the household can be treated as a private one. 
The average household size correlates most strongly 
with population density, and large households are particularly 
noticeable in the centre . It also correlates positively with 
female preponderance and the percent of holding area in crops . 
This s uggests that in the less better - off amphoes , households 
are larger perhaps due to economic necessity, and in the less 
cultivated and less populated arnphoes conditions are such that 
a smaller household size is preferred. The three arnphoes ln the 
northwest corner with high household size contrast with both the 
above and with their neighbours , and no explanation can be 
s uggested . 
Method 
AVERAGE VILLAGE POPULATION 
MAP 17 
38. 
The total population of an amphoe, less the population 
of the largest centre, was divided by the numbers of villages 
listed in the Changwat-Amphoe Statis tical Directory. 
Discussion 
It was realised in its preparation that this meas ure 
was of doubtful statistical validity but it was thought it 
might provide at least an indicator of some relationship. It 
correlates most highly with population replacement which is 
difficult to explain causally. The map shows generally smaller 
villages in the centre and along much of the Mekong and a 
marked belt of larger sized villages toward the west. 
The derivation of this measure makes no allowance for 
isolated homesteads or groups of homesteads, and the belt of 
large size villages may in fact be caused by a large proportion 
of the population living in clusters too small to rate a village 
label, which has caused the average figure to be inflated. The 
measure then may be a mixed one, providing some indication of 
average village size in some amphoes, and indicating areas of 
small clusters in others. With no easy way of sorting this 
out, this map must be treated with considerable caution. 
Method 
SEX RATIO 
MAP 18 
The figures for males and females in the total 
population of each amphoe were used. 
Discussion 
39. 
The map draws a sharp contrast between the female 
dominated Chi basin in the central s outheast and the predominant -
ly male northern one - third. Secondary male enclaves occur in 
the southeast and southwest corners. The high proportion of 
males in Nakhon Ratchi sima (M10) and Warin Chamrap (016) is 
probably caused by the presence of large military camps rather 
than being indicative of the population as a whole. 
From the intercorrelations a high ratio of females 
is associated with low female fertility, closely- spaced rural 
villages, a high proportion of agriculturalists in the population 
and a low rice yield. This suggests an indicator of depressed 
areas, the female bias being largely caused by out -migration of 
male s to areas of better opportunity . Migration data fo r amphoes 
were not available at the amphoe level but this map agrees with 
the findings of Chapman and Allen (1965) on a changwat level. 
They found the changwat s with the highest loss from long term 
net migration to be (in descending order ) Roi Et (K), Maha 
Sarakham ( F ), Ubon Ratchathani (0), Surin ( ) and Sisaket (M). 
Those with the greatest gain from migration were, ln order, 
Udon Thani ( P ), Buriram (A) , ong Khai (J) and Sakon akhon . 
Although a different size areal unit was used the agreement is 
certainly good enough to classify this map as a fairly accurate 
indicator of migration . 
40. 
DISPERSION OF VILLAGES 
MAP 19 
Method 
The formula devised by Barnes and Robinson (1940) 
fo r u se in drawing isopleths of rural settlement dispersion 
was adopted for u se here fo r vill ages . The f ormula as used 
here is: 
Dispersion = 1.11 V i Amphoe Area No. of villages 
The total number of villages in each amphoe was obtained from 
the Changwat - Amphoe Statistical Directory ( N. S . O. 1965 ) and 
the amphoe area had been earlier measured by planimeter. 
Discussion 
This is probably a fairly reliable measure of rural 
settlement density and, freed of any imbalance caused by one 
or two large centres , is considered a good indicator of rural 
population density. It shows a high correlation (r = - 0.82 ) 
with population density and correlates more st rongly with some 
of the demographic variables (i.e. female fe rtility, average 
household size , and female/male ratio ) than does the over - all 
population density. 
On the map, the central basin is st rongly marked 
( except for A1 ) as a core of high settlement density, grading 
outward on all sides into areas of a more dispersed nature. 
It also highlights two areas of dense population along the 
Mekong which is also borne out by the 1:50,000 maps . 
Method 
POPULATION REMOTENESS 
MAP 20 
The dot map of population density was overlain with 
the map of communications and urban centres and for each 
41 . 
amphoe the number of dots outside the ten kilometre line of 
access were counted and converted to a percentage of the amphoe 
population . 
Discussion 
o striking pattern is revealed, but pockets of poor 
accessibility can be seen, often contrasting strongly with their 
neighbours. A band along the border in the southeast , and a 
grouping in the northeast stand out as poorly served, and here 
one suspects that the Mekong and its tributaries are used for 
local movement . Similarly the large numbers of people poorly 
served in the KS, K8, M1 areas probably rely on the Lam Chi and 
its tributaries. The southwest stands out as particularly well 
served as does the area north of Ubon Ratchathani ( 012 ). 
42. 
AGRICULTURAL POPULATION 
MAP 21 
Method 
Thi s was taken directly from the 1960 Population 
Census which lists the total population living in agricultural 
households . An agricultural household is defined as "one which 
operated two or more rai , sold agricultural products valued at 
2400 baht or more, or had livestock valued at 2400 baht or more".* 
Di scussion 
This measure correlates most strongly with a prepond-
erance o f females and inversely with school enrolment. 0 
distinctive pattern emerges from the map although a few general 
points may be put forward. With about 90 per cent of the 
population in agriculture the region is certainly classed as 
agriculture dependent. The small class _intervals probably 
tend to over - register slight changes in occupation; about 
three quarters of the amphoes fall in the 86 to 96 per cent 
group. The tail at the lower end of the histogram represent s 
amphoes with large centres , and all changwat headquarters fall 
below the 87 per cent level; the lowest, Khorat ( HIO), which 
also contains the largest centre, has only about half its 
population dependent on agriculture . 
The northern and eastern amphoes close by the Mekong 
reflect the influence of fishing . In the southwest corner, 
chiefly Changwats akhon Ratchisima (H) and Buriram (A), the 
low values appear f rom the changwat information to be caused by 
more opportunities in the non - primary fields s uch as weaving, 
clothing manufacture and sales . The most dominantly agricul -
tural amphoes are seen as a core which includes Changwats 
Kalasin ( C), Roi Et ( K) and Sisaket (M) , and covers part of 
the Lower Nam Chi basin but also extends southward to the 
Cambodian border. 
* See abo v e p . 36 for definition of a household . Two rai 
equals about 0 . 8 acre and 2400 baht is about $US120 .00. 
Method 
ROUGHNESS 
MAP 22 
43. 
From the map of average slope those areas of more 
than 2 degrees ( i . e . the hilly and mountainous classes) were 
marked on a 1:500,000 amphoe outline map and this area in each 
amphoe was measured by planimeter and c a lculated as a percent -
age of the total amphoe area . As dramatically s hown in the 
histogram, in almost half the amphoes all land was le s s than 
2 degrees average slope creating a markedly non- normal curve. 
The remaining 66 amphoes were divided nearly equally into 
five groups, with variable group intervals. 
Discussion 
This map was designed to show the extent of land 
non - hilly ( and perhaps cultivable in terms of slope ), in each 
amphoe . Certainly it brings out the large central basin about 
the Mun and Chi rivers. It also marks the amphoes contained 
in the smaller basin to the north beyond the trace of the Phu 
Phan Range . Along the southern boundary which is formed by the 
Dangrek Range, the map shows that only on the extreme ends is 
this range really of great extent on the Thailand side and 
that areas of hilly land decrease to a minimum at the mid - point 
of this border. In the northwest Changwat Loei (E) stand s out 
as having all amphoes in the maximum range of roughness . 
Method 
PERCENT AMPHOE IN HOLDINGS 
MAP 23 
The area of holdings was taken from the 1963 Census 
of Agriculture and calculated as a percentage of the total 
amphoe area pre viously obtained by planimeter. In the cens us 
a holding was defined ( N. S.O . 1963, p.8) as follows: 
"A holding refers to all parcels of land 
wholly or partly utilised in the farm 
operations under the management of one 
single holder, regardless of occupation 
right. In the case of a person keeping 
livestock but herding them into pastures 
or other grazing areas when necessary, the 
land on which the holders residence was 
located was enumerated as his holding. 
Areas which the holder leased or offered 
rent - free to other persons for farm 
operations were not considered to be part 
of his holding . 
Land utilised solely for the purpose of rear -
ing wild animals , dogs, cats, snakes , birds , 
race horses, pack- horses, pack- cattle, 
fighting bulls and fish was not included ln 
the holding" . 
44. 
Additionally in this study , to retain consistency with measures 
to follow and to a void an undu e influence from small, " back-
yard" type endeavours , holdings of less than two rai ( about 
0 . 8 acres ) were excluded . 
Discu ssion 
This measu re correlates v ery strongly ( r = 0 . 82 ) with 
popu lation density as would be expected in ' s u ch a predominantly 
agricultu ral region . Consequently there are few significant 
45. 
differences between the map s , except in s ome of the changwat 
seats s uch as 012, where because of the urban functions of the 
main centre, the amphoe is in a higher group on the population 
density map . Of note is the low proportion in holdings of 
the amphoes in the northeast sector, which on the previous 
map fell in the non - hilly category. This is the part of the 
region receiving the highest rainfall, and one suspects low 
soil fertility to be a factor in this situation . 
Method 
HOLDING AREA PER AGRICULTURAL PERSON 
MAP 24 
The area of holdings from the 1963 Agricultural 
Census was di v ided by the number of people classified as 
agricultural in the 1960 Population Census. 
Discussion 
Once again the problems caused by using data from 
two different years are encountered, and the validity or at 
least the accuracy of the measure is questioned. This is 
particularly so in those amphoes involved in migration and 
although difficult to quantify, it would conceivably cause 
a change of at least one class interval for some amphoes. 
46. 
In the earlier discussion on the Sex Ratio map , some of the 
areas designated as areas of out - migration such as Changwats 
Maha Sarakham ( F ), and Roi Et ( K), appear as low values on this 
map and in - migration changwats, (Udon Thani (P ) and Buriram 
( A» have high value. This could in fact be so, but there is 
a strong likelihood that part of the value, lowered in one case 
and raised in the o ther, is due to population movements between 
the two census dates. On the other hand, the high correlations 
with measures of holding size , indicate that it may not be so 
wrong as to be unusable, at least in a general overview. Per -
haps a regression analysis and a residual map could identify 
the errant member s for u se in investigating migration movements. 
The extreme high value (about 5~ standard deviations 
from the mean ) is a legitimate v alue for Amphoe Pak Chong (H12 ) 
on the fringe of the region. This amphoe differs from other 
amphoes in ortheast Thailand by having a concentration of large 
size fruit plantations , and this will be e v ident in all later 
meas ures involving holding size . 
Method 
AVERAGE SIZE HOLDING 
MAP 25 
The area of holdings and the number of holdings 
involv ing more than two rai were taken from the 1963 
Agricultural Census . 
Discussion 
47. 
The use of the average in this case may be questioned 
when perhaps the median would have been more useful. Unfortunate-
ly, the statistics were grouped in intervals which prevented an 
accurate location of the median. However, more to the point 
was which median to use - the median size of holding from the 
number of holdings or the median size of holding by the areas 
involved? The latter was in the order of twice the value by 
number of holdings, but not consistently so . Consequently the 
average was used, which tends to be slightly higher than the 
median by number of holdings . 
As would be expected this correlates very highly with 
the measures for percentage of large holdings and percentage of 
small holdings ( see maps 26 and 27 ) . They are really another 
way of indicating the average size but it was hoped that the use 
of all three could unco ver some subtle, yet important differences . 
The map shows a major agglomeration of larger size 
holdings slightly west of the Mun - Chi junction where other 
measures hav e shown a concentration . This is still within the 
non - hilly group of amphoes and as the shift has been towards 
the direction of lower rainfall , it may be that more land is 
needed for a v iable holding when, assuming all other factors 
being nearly equal, there is a lower rainfall . Other groups of 
large a verage holding size cannot be accounted for so glibly , 
such as those centred around Amphoe ong Han ( P7 ). It is 
difficult to decide whether it is a case of land being abund -
antly a vailable or of large holdings being required to produce 
here what is produced on smaller holdings elsewhere ln the 
region . 
Method 
SMALL HOLDINGS 
MAP 26 
48. 
This information is from Table 1 of the 1963 Census 
of Agriculture and refers to the area occupied by holdings 
between 2 and 9.9 rai in size , rather than the numbers of such 
holdings. It tends to be a lower value and for the entire 
region about 23 per cent of the holdings were between 2 and 
9.9 rai but these occupied only 5 per cent of the total area 
ln holdings. For comparative purposes it seemed more desirable 
to map this in term s of land occupied . 
Discussion 
The most significant intercorrelation is with rice 
yield (r = 0.77). The map shows two major concentrations of 
low value areas separated by a ridge of higher values and also 
flanked by higher values . The southern one is of considerable 
extent and includes those amphoes about the Mun and Chi rivers. 
While the northern concentration is smaller it stands out 
boldly from its surrounds . The higher values are associated 
with more rugged land, which is to be expected. 
The histogram shows a large non - normal tail, and 
while legitimate (values mainly in the extreme north west) 
would have been transformed into circular functions, were it 
not for the difficulties this entails in compari son with 
other measures. 
Method 
LARGE HOLDINGS 
MAP 27 
The same method as used in the previous map was 
applied to the opposite end of the table. Here we are 
indicating the percentage of holdings area occupied by 
holdings of over 60 rai (approximately 2 4 acres ). 
Discussion 
The correlation between this measure and the area 
ln small holdings, while significant (r = 0.54 ), is not so 
strong as to denote a duplication of effect. This measure 
correlates much less strongly with rice yield and indices of 
population density, but is more highly linked to the average 
size of holdings. 
49. 
A comparison of the two maps shows some significant 
differences in pattern. The northern concentration stands out 
less boldly although the amphoes in the southeast tip are still 
enigmatically different from what was expected. The greatest 
difference is that the large southern concentration of the 
previous map has been reduced in size, but with an increase ln 
cohesiveness . Being reasonably close to Khorat and the main 
routes to the Bangkok markets, and with a generally dense 
population, it would not have been unexpected to find here a 
proliferation of small size truck gardens, but instead the 
opposite is suggested. 
LAND USE 
MAPS 28 , 29 , 30 , 31 
The fou r maps showing the percentage of holding area devoted 
to crops , fallow land , woodland and tree crops will be 
discu ssed together . 
Method 
The data for the maps wer e ob tained from Table 4 of 
the 1963 Census of Agriculture . Two other categories were 
detailed in this table but as the percentage of holding area 
devoted to pastures was so small and the category of "other 
land" rather meaningless they were not used. The definitions 
for the measu res are : 
( a ) Crops refers to "such field crops as paddy , 
upland crops , vegetables and other kinds of 
annual or seasonal crops . Such c r ops 
ordinarily mature within 12 months from the 
time of planting. Some of them may be 
repeatedly harvested , but for a period of 
no more than 3 consecutive years, e . g . 
castor bean, sugar cane , pineapple and 
papaya" . 
( b ) Fallow is the , "area allowed to lie fallow 
for temporary perio~not exceeding 5 years . 
The land might either be planted to 
leguminous crops for plowing under as 
green - manure , or allowed to be o vergrown 
by weeds" . 
( c ) "Woodland refers to areas left with natural 
growth of trees of all sizes as well as those 
which had been planted and managed for the 
purpose of extracting timber for use i n 
construction etc ." 
50 . 
(d ) Tree crops, "refers to that area which was 
devoted to tree crops, regardless of whether 
they were in clumps or rows, e.g. para 
rubber, shrubs, and fruit trees including 
nurseries for propagating them". 
Discussion 
51. 
Considering these four measures account for nearly 
100 per cent of the variation in land use, there was a rather 
low level of intercorrelation. The highest was between crop-
land and woodland (r =-0.70) and not unnaturally the percentage 
area of holdings in crops showed negative correlations with 
the other three measures. 
Treating the maps as a whole revealed four basic 
patterns in the manner of sets , which can be located and 
described in general comparative terms at this stage , and 
hopefully be more accurately delineated and described by some 
integrative process later in this study. The first pattern 
or set is a swath in the northern half of the map covering 
most of Changwats Udon Thani (P), Sakon akhon (L), and ong 
Khai (T) and adjacent amphoes. Here a high percentage of the 
holdings area is in woodland with relatively low amounts 
devoted to crops and land in fallow. Tree crops tend to be 
in the middle sextile with a bias towards low values . 
A second , less distinctive pattern not dissimilar 
to the first one, runs along the western boundary and features 
high proportions for woodland and tree crops and low amounts 
in fallow and crops. 
From an area south of the Mae am Mun and just east 
of its junction with the Lam Chi, a recognisable zone of 
intensi ve agriculture extends northwest along the trend of the 
Lam Chi, and generally in accord with the most densely 
populated parts o f the region. The changW?ts most consistently 
involved are Sisaket (M ) , Roi Et (K ) , Maha Sarakham (F ) and 
adjacent amphoes particularly in Ubon Ratchathani (0 ) , Surin 
(N), and Khon Kaen ( D) changwats . In this set a very high 
proportion of the holding area is in crops , a lesser b u t 
relati vely considerable amount ln fallow , and little in 
woodland or c rops . 
In the southwest corner, mainly in Changwats akhon 
Ratchisima (H) and Buriram (A), a fourth distinctive pattern 
prevails . He r e a large ( by r egional standards ) proportion of 
the holding area is in tree crops , woodland and fallow and a 
low percentage is devoted to crops . 
52 . 
Method 
IRRIGATED LAND 
MAP 32 
The per cent of agricultural holdings area under 
irrigation was obtained from Table 4 of the 1963 Census of 
Agriculture . The definition of irrigated land use there is 
as follows : 
"by "irrigated area" is meant that area which 
was devoted to growing field crops ••••••• and 
irrigated in any manner whatever, except by 
rain water which had not been detained for 
later use". 
Discussion 
Surprisingly this measure shows no significant 
correlation with any of the other measures; the highest 
correlation is with average village population and this 
is probably a random association . The lack of significant 
correlation implies that irrigation to date has not made 
any great impact on patterns of agriculture or rice yield . 
This agrees with the prediction of Truscott (1968 p.56 ) that, 
"it seems highly unlikely that the extension of irrigation 
would in itself be sufficient to confer upon currently low-
yielding land the high productivity now observed on a very 
tiny and probably very selective area". 
53. 
Despite the lack of correlation some interesting 
areal patterns are brought out on the map . The southeast 
corner contains a concentration of amphoes about the Mun - Chi 
junction which have a low proportion of holdings area irrigated . 
In the middle of this concentration is Amphoe Warin Chamrap 
( 016 ) which is included in the highest class . Undoubtedly this 
irrigation is from the Mae Nam Mu n river and is largely 
localised within this one amphoe . Generally the amphoes west 
of the main north/south highway , corresponding with the lower 
54. 
rainfall area, have a large proportion of holding area under 
irrigation . This is especially marked In Changwat Chaiyaphum 
(B) and to a lesser extent in the western part of Changwat Udon 
Thani, and south of the railway between Khorat ( H9 ) and Buriram 
(A4 ). A small area of high values occurs north of the Mae Nam 
Mun about the boundary between Changwats Roi Et (K) and Surin 
(N). 
CHAPTER 2 
RICE YIELD MODEL 
" Neither Ruttans work nor the e vidence • •• 
below, support the hypothesis that there 
exists some factor which is responsible 
for a substantial proportion of the variance 
in agricultural productivity and which could 
be transferred economically to those areas 
in which present land use is limited. If 
some such factor were to exist , of course , 
the policy implications would be obvious" . 
( Behrman , 1968 , footnote p . 162 ) 
"In order to account for the differences in 
yield (between changwats ) an attempt was 
made to correlate yields with total rain -
fall during the growing season . However , no 
relationship could be established, in fact, 
Loey and Chayapoom with the highest yields 
lie in the belt of lowest rainfall . It 
seems that fertility of the soil is the 
dominant factor determining yields . After 
many decades of more or less continuous 
cropping , soil fertility in the depressed 
areas has apparently become stable at a 
v ery low level , whereas in the more recently 
settled changwats the level of fertility is 
still fairly high , although declining 
gradually" . 
(Platenius , 1963 , p . 60 ) 
55. 
The thesis is presented that within the 22 measures 
previou sly mapped by amphoes , there is one or several that will 
show sufficient causal or resu ltant association with known rice 
56. 
yields to establish a mean s of predicting rice yield in 
quantitative terms. It is not the intention to investigate 
the many- fold aspects and problems of agriculture in the area, 
which would of necessity include rice types , rice cultivation 
patterns , upland crops etc . Nor , because of the paucity of 
suitably accurate information and despite their obvious 
importance , will soil and precipitation variations between 
amphoes be considered. Rather it is the spatial distribution 
and association , of variations In rice yield over the 127 
amphoes that will be investigated, within the restrictive 
parame ters of the 22 selected measure s which largely concern 
demographic or agricultural statistics . 
Rice yield data for ortheast Thailand as a whole , 
and indeed for the 15 changwats , are available for periods of 
more than 10 years and have been used in published reports 
(e.g. Platenius 1963, Ruttan et al 1966, Truscott 1968, 
Behrman 1968 ). Unfortunately the situation is less bountiful 
at the amphoe level and complete statistics for rice yield in 
the 127 amphoes were not procurable. However figures giving 
the area planted and the total production for the year 1963 
were obtained (N.S.O. 1967) for 87 amphoes involved in the 
Accelerated Rural Development Program . The quotient of these 
two figures is calculated as the rice yield , and is used in a 
computer program to estimate the yield of the remaining 40 
amphoes . Two points must be underscored . Firstly no distinction 
is made between types of rice , method of planting , or agronomic 
differences, largely because this was not a vailable at the amphoe 
level . Secondly the data and all consequent findings are for 
area planted and production, and refer to one particular year 
only . Therefore the areal variations in effects of flooding , 
drou ghts , diseases or har v esting difficulties are not consid-
ered and the resul ts are for 1963 which '~ay or may not be 
representati v e year . Howev er there is one ad vantage in that 
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the agricultural data u sed in Chapter I and the calculated 
yield are for the same year, which at the very least will 
provide a one year sample . 
PROCEDURE 
The BMD02R computer program, "Stepwise Regres s ion", 
was u sed with the raw data of the 22 variables . For reason s 
discussed below and largely to facilitate the quantitative 
determination of associations, the data were not transformed. 
The computational background to this program is described in 
detail by Efroymsen (1960 ) but some background considered 
essential may be useful. Multiple regression is a mathematical 
technique for predicting one variable by means of several other 
variables acting dependently, rather than by means of a s ingle 
variable as in the case of simple regression. It proceeds to 
obtain the best fit between a set of independent observations 
and dependent observations by a least square s method, which 
will provide a solution in the form of a linear equation s uch 
as 
where y = the dependent variable 
x = the independent variables 
n 
b
n 
= the coefficients to be determined. 
In the stepwise procedure a series of intermediate 
regression equations are obtained, one for each addition of 
a variable , until all variables are added and the final 
regression equation is reached. The variables are added in 
order of their improvement to the overall goodness of f it 
and the intermediate regression equations provide the best 
values of the coefficients for the specific variable s included 
in the equation. Thus at each step a regression equation is 
provided which is the optimum for the included variables ; the 
cumulative s um of squares of the multipie "R" and the standard 
error of the estimate are also provided at each step , thus 
indicating the variance included and the confidence limits. 
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Table 2-1 lists the results of the multiple regression 
analysis. The first column lists the variables in order of 
their goodness of fit ; the second the cumulative multiple 
correlation coefficient. The s quare of the multiple correlation 
coefficient, which is equivalent to the proportion of total 
variance accounted for by the equation , is given in column 
three, while the fourth li s ts the increments of total variance, 
expressed for convenience as a percentage. Finally the last 
column lists the standard error of the estimate fo r the equation 
at that step . This can be treated as a standard deviation and 
there is a 95 per cent probability that actual values will 
differ from the regression values by not more than twice the 
standard error of the estimate. The results were most satis -
factory. The initial variable accounted f or 65 per cent of 
the total variance, the first three together 81 per cent and 
indeed the remaining 19 variables only added some seven per 
cent. (The last variable was so insignificant that it was not 
included). Thus 88 per cent of the areal variation in rice 
yields over the 87 amphoes can be explained by this model. 
From a standpoint of efficiency and parsimony, the optimum 
relationship is that obtained after the third step but the 
rapidity of computer calculations is such that the maximum 
amount of variance can be included at little extra effort, 
despite the exceedingly low contributions of some of the later 
variables. It is of interest that the standard error of the 
estimate reached an epigee at the fourteenth step and then 
began to increase very slowly . The difference between this 
and the standard error of the estimate for all variables was 
too small to create any real advantage in halting the computer 
program at this stage . 
Using the equation derived from the regression 
analysis of the 22 variables , rice yields for the remaining 
40 amphoes were calculated. From the standard error of the 
estimate there is a 95 per cent probability of the estimate 
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TABLE 2-1 
RESULTS OF MULTIPLE REGRESSION FOR RICE YIELD 
MULTIPLE PROPORTION INCREASE STANDARD 
VARIABLE CORRELATION OF TOTAL IN TOTAL ERROR OF COEFFICIENT VARIANCE VARIANCE ESTIMATE 
(R) (R2) (PER CENT) (KG PER 
RAI) 
16 % Holdings very Small . 8075 .6 521 65 . 2 54 .43 
21 % Holdings Area \Woodland .8679 .7533 10.1 45.26 
7 Average Village Population .9013 .81 23 5.9 38.72 
8 Females v s Males .9064 .8216 0.9 38.96 
11 % Population Agricultural .9130 .8336 1.2 37.85 
10 % Population Remote .9207 .8476 1.4 36.45 
15 Average Size Holding .9248 . 8552 0.8 35.75 
6 Average Household Size .9277 .8606 0.5 35.31 
3 Population Replacement .9303 .8655 0.5 34.91 
13 % Amphoe in Holdings .9316 .8679 0.2 34.82 
1 Population Density .9331 .8706 0.3 34.69 
4 School Enrolment .9344 .8732 0.3 34.58 
20 % Holdings Area Tree Crops .9355 .8751 0.2 34.54 
12 % Amphoe Hilly .9368 .8776 0.3 34.43 
17 % Holdings Very Large .937 5 .8788 0.1 34.50 
5 Students per Teacher .9381 . 8801 0.1 34.57 
14 Holding Area per Person .9386 .8809 0.1 34.70 
9 Distance Between Villages .9392 .88 21 0.1 34.77 
2 Female Fertility .9395 .8827 0.1 34.95 
18 % Holdings Area Crops .9396 .8828 0.0 35.20 
19 % Holdings Area Fallow .9399 .8835 0.1 35.36 
22 % Holdings Area Irrigated Contribution was too low to enter 
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being within 71 kilograms per rai of the true value. Snedecor ' s 
"F" test showed no significant difference at the 1 per cent level 
between the results from the two sets of data . The rice yield 
estimates for the 40 amphoes are listed in Appendix B along 
with the act ual and residual values for the remaining 87 amphoes 
where data were available. 
Di scu ssion 
The most important vari able in the multiple regression 
equation is number 16 relating to the percentage of very small 
holdings . This measure alone accounts for almost two - thirds 
of the total variance in rice yield . To f urther examine this 
relationship the actual rice yield values for 87 amphoes and 
the predicted values for 40 amphoes were entered in the inter -
correlation matrix. It should be noted that in multiple 
regression the variables after the first are ente red in order 
of their contribution to the reduced matrix as in Tables 2 - 1 
and 2 - 2, whereas the table of intercorrelations result s from 
a consideration of the original matrix. The highest inter -
correlations indicate positive relationships with small size 
holdings and with hilly terrain, and a negative correlation 
with indicators of population density . Several explanations 
for the association of these variables with rice yield can be 
s uggested . Population density is low in hilly areas and 
agricultural holdings are generally small ; perhaps these 
s maller holdings are more carefully tended by the individual 
agriculturalist than are larger one s and damage to the crops 
by pests, animals and diseases is considerably reduced. It 
may also be that on poorer, less ferti le soils, such as those 
in the flat areas abou t and between the Mun and Chi rivers, 
small holdings are not capable of s upporting a family , and 
larger holdings are required to feed a household unit here , 
than would b e the case in areas of bette~. soil condition s . 
Then too , in areas of low yield and high population density , 
61. 
expansion in paddy land has quite likely reached into marginal 
rice- growing land, which would tend to lower the average yield 
e ven more. Actually all three of these explanations probably 
operate together to create an inverse correlation between 
holding size and rice yields, with perhaps yields being more 
the cause than the effect in thi s relationship. Map 33 shows 
the distribution of the actual and predicted values of rice 
yield. The concentration of low yield amphoes south of the 
sixteenth parallel, particularly in the eastern two - thirds is 
most striking. Much of this is around the Mun and Chi rivers 
where the land lies mainly below the 150 metre contour. Indeed, 
a convenient rule of thumb for locating low yield amphoes would 
be those with extensive areas of agriculture holdings less than 
500 or 600 feet above sea level. 
From two standpoints the predictive rice yield model 
resulting from multiple regression analysis was encouraging. 
Firstly it supplied estimated values to replace unavailable 
data, and thus will enable rice yield to be used as a measure 
or variable in later integrative processes. Secondly , it 
revealed a significant relationship between the size of holdings 
and rice yield at the amphoe level. To the best of one ' s 
knowledge this is the first time such a relationship has been 
identified and quantified in Northeast Thailand. The thesis 
of this chapter, that from within the 22 measures previously 
mapped by amphoes, a means of predicting rice yield in 
quantitative terms could be developed, has been verified. 
It must be emphasised that the equation developed 
here and listed in Table 2 - 2 is for amphoe administrative units 
only and it would be interesting to apply this at the changwat 
or tambon or even village level in Northeast Thailand. The 
results may also serve some useful purpose in studies on other 
areas of Thailand or similar countries • . ~hortened versions of 
the equation for one two or three variables are as follows: 
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1) X = 129.137 + 5.469 (V16 ) R = 0.875 SE = 53.43 
2 ) X = 85.576 + 5.786 (V16 ) 
+ 3.016 (V21 ) R = 0.8679 SE = 45.26 
3 ) X = - 5 . 443 + 5.060 (V1 6 ) 
+ 2 . 424 (V21 ) + 0 .1 72 
(V7 ) R = 0 . 9013 SE = 39.718 
Where X = rice yield in kilograms per rai 
V16 = per cent of holdings area in holdings of less 
than 10 rai 
V21 = per cent of holdings area in woodland 
V7 = a verage village population 
R = multiple correlation coefficient 
SE = standard error of the estimate 
TABLE 2- 2 
FINAL REGRESSION EQUATION 
Predicted Rice Yield in Kilograms per Rai 
Constant = 514.509 
Variable 
16 
-
Per cent Holdings v ery Small 
21 
-
Per cent Holdings Area woodland 
7 
-
Average Village Population 
8 
-
Females v s Males 
11 - Per cent Population Agricultural 
10 - Per cent Population Remote 
15 - Average Size Holding 
6 - Average Household Size 
3 - Population Replacement Ratio 
13 - Per cent Amphoe in Holdings 
1 - Population Density 
4 - School Enrolment 
20 
-
Per cent Holdings Area Tree Crops 
12 
-
Per cent Amphoe Hilly 
17 
-
Per cent Holdings Very Large 
5 
-
Students per Teacher 
14 
-
Holdings Area per Person 
9 
-
Distance Between Villages 
2 
-
Female Fertility 
18 
-
Per cent Holdings Area Crops 
19 
-
Per cent Holdings Area Fallow 
22 
-
Per cent Holdings Area Irrigated 
Coefficient 
4.057 
0 . 283 
0 . 142 
- 0 . 712 
2 . 039 
- 0.237 
- 4 . 540 
24 . 176 
0 . 018 
2 . 210 
- 0 . 804 
1 . 254 
2.622 
0 . 199 
- 1.567 
0 . 744 
10 . 854 
- 7 . 638 
0 . 074 
- 1 . 541 
- 1 . 646 
ot used 
For the importance of each variab le see Table 2 -1 
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CHAPTER 3 
UNDERLYING SPATIAL PATTERNS 
"We assert, however, that the infinity of 
attributes describing the places in the 
system actually index a finite number of 
independent ~asic concepts ('urbanisation, ' 
' poverty ') that together define the state 
of the system. The scores of places on the 
larger number of attributes may be used to 
estimate their scores on the fundamental 
spatial patterns that are the outward 
signs of the underlying concepts, and 
thus may be replaced by them, to create an 
n x s 'structure matrix ' . Each of the s 
dimensions , in the sense of traditional 
systematic geography, reveals the funda -
mental pattern of spatial variations of 
a concept lying beneath the larger number 
of attributes that originally were used as 
overlapping indices of it". 
(Berry, 1967C, p . 420 ) 
64. 
In this chapter we examine the applicability of this 
assertion to Northeast Thailand and hypothesize that the 23 
variables previously used to compare and contrast the 127 
amphoes can be replaced by a lesser number of independent basic 
concepts that together can rev eal almost as much about the 
state of the region . 
In Chapter I various geographic features were mapped 
and briefly commented on. The twenty - three choropleth maps 
(maps 11 to 33 ) and the table of intercorrelations showed 
sufficient associations and contrasts between measures to 
suggest that some measures o verlap and could be combined to 
display much the same pattern . The physical problem of visually 
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comparing the twenty-three maps, even using values in sextiles, 
is time consuming and open to considerable inaccuracy. Also 
this would not fully provide a composite picture, nor would it 
accurately determine the effectiveness or contribution of the 
individual measures to the variation within the region. In 
short we need to search out some underlying clusters of measures 
which can be combined to reduce the matrix with not too much 
loss of detail. As Berry (1967b, page 79) points out, "this 
step could be achieved by mapping each characteristic and by 
visually comparing and classifying the maps. However carto-
graphic analysis is extremely tedious if there are many places 
and characteristics and visual comparisons are known to be 
treacherous", and goes on to recommend the multivariate 
statistical technique of factor analysis. 
FACTOR ANALYSIS 
For a proper understanding of factor analysis 
reference should be made to Harman (1960) a standard work , or 
for the less mathematically minded, the recent paper of Rummel 
(1967) and examples contained in the works of Berry listed in 
the bibliography below. Basically factor analysis proceeds to 
intercorrelate the measures (or variables or attributes ) by 
a least squares method and " then to resolve them, according 
to the correlations found , into a comparatively small number of 
independent factors , entities, or underlying influences 
responsible for the correlations" (Cattell 1952 , quoted by 
Schnore 1961 page 237 ). It is a technique originally developed 
by psychologists to deal with human traits and was first used 
ln a geographic context by Kendall in 1939 to describe the 
distribution of crop productivity in England . Shortly after 
Hagood ( 1941, 1943 ) used it to define agricultural regions ln 
the USA. The necessary calculations were extremely time -
consuming and it was not until the greater a vailability o f 
electronic digital computers that factor analysis came into 
prominence with geographers, largely owing to the pioneer 
efforts of Berry (1 960, 1961A) on relative economic development 
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of countries on a wo rld wide basis. Since then it has been 
used in geographic investigations involving such topics as 
economic health, economic regionalisation, predicting annual 
flood, climatic regionalisation , modernisation and numerous 
other geographic problems ( see bibliography ) especially where 
a large number of measures and/or areas is involved. 
The 23 measures shown in the choropleth maps were 
selected for factor analysis largely because of the availability 
of statistical data at amphoe level and personal choice. They 
are not claimed to be exhaustive nor all embracing, but they 
should provide a sufficiently broad coverage to define some 
underlying patterns for further analysis. The measures were 
calculated as ratios and percentages and the non - normal 
distribution of some was noted. These errant distributions 
could have been made somewhat more normal by transformation 
into some other units, or alternatively the measures could have 
been placed ln rank order. The former tends to complicate 
comparisons of measures and the latter tends to assume a 
continuous distribution which probably does not exist. In the 
present case any disadvantages caused to a factor analysis 
program by non - normal distributions could be so lessened by the 
number of cases involved (127 ) that no great overall gain may 
be achiev ed from any attempt to normalise the distributions. 
However, to enable scores for amphoes on different measures to 
be compared, the 127 values for each measure were converted to 
standard scores such that each measure has a mean of zero and 
a standard de viation of plus or minus 1 . 0 . These v alues are 
shown in the lower scale of the histogram . 
The BMD03M program "General Factor Analysis" was used 
at the CSIRO Computer Centre Canberra . This program provides an 
option to use either the total variance in a matrix ( variance 
within a measu re common to orne other me~sure plu s variance 
uniqu e to a measu re ) or only the common variance . Increased 
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parsimony results from disregarding the variance unique to one 
factor and the resulting model is named the open model or 
factor analysis by Cattell ( 1965, page 198 ) as opposed to the 
closed model or component analysis. It was the open model 
that was desired here . The program proceeds by extracting the 
underlying factor or dimension which will explain the largest 
amount of variance from the correlation matrix; a second 
factor is then extracted which explains the greatest amount of 
the remaining variance and so on until all the variance is 
accounted for. It follows that each successive extracted 
factor will account for less variance and the point will be 
reached where some factors will contribute so little to the 
total variance that they may be disregarded. 
In a closed model with unities in the diagonals of 
the correlation matrix, the number of factors extracted equals 
the number of variable s entered and the total sum of squares -
the eigenvalue - is equal to the number of variables multiplied 
by the maximum proportion of variance in each, which is unity. 
In this matrix the eigenvalue for total variance would be 
23 x 1.0 = 23.0. When the open model is used, some number less 
than unity is used as the communality estimate and is placed in 
the diagonals; ln this case the highest correlation coefficient 
of a variable was used as its communality estimate. Obviously 
the total sum of squares will be less than in the closed model; 
also, because only the positive (i.e. common ) variance is 
treated, the number of factors will be less than the number of 
original variables . 
Table 3 - 1 shows the results of the first stage of the 
program - the extraction of principal components. About 30 per 
cent of the total variance is attributable to uniqueness in the 
variables and 69 . 6 per cent is common and accounted for by 
twelv e factors . The first two factors account for over 60 per 
cent of the common variance and almost twice as much as the 
remaining ten factors . The number of factors selected for use 
is largely a question of judgement involving the level of 
detail desired and the purpose intended . A useful cut - off 
point was suggested by Soja (1968 ). The per cent of total 
variance explained by a factor is obtained from the addition 
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of the indi v idual variables proportional contribution to that 
factor divided by the total contribution of all variables, which 
here would be 23.0. Thus if one vari a ble contributed 100 per 
cent of a factor ' s variance, all the others would contribute 
zero and the explained variance would be 100 divided by 23.0 
which is 4 . 08. Soja (1968, p.77) points out that, "this 
threshold provides a convenient break for interpretation, for 
abo v e this lev el there exists a clustering of related variables 
which can be described ln one dimension that ' soaks up ' more of 
the v ariance than would a single variable. Thus the 'economy ' 
aimed for in factor analysis is achieved" . This is tantamount 
to disregarding all those factors whose eigenvalues are less 
than unity . Applying these guides to Table 3 - 1 , it follows 
that only the first five factors should be considered further 
and no economy of description will be gained by additional 
facto~s . This was confirmed by an examination of the factor 
loadings which showed that the remaining factors tended to be 
highly loaded on single variables only . The objective of 
parsimony has been achieved and the common interplay of the 23 
variables over the 127 arnphoes can be represented by five basic 
factors, dimensions, or patterns with a loss in detail of only 
13 per cent . 
Howev er, the principal components technique used here 
leads to a v ery general first factor and tends frequently to 
include numerous medium- weight variables in the factors , making 
identification of the factors difficult . This can be rectified 
considerably by a techniqu e known as varimax rotation which , 
briefly, takes the factors prev iously o~tained , maximises the 
number of high and low loadings on each and shifts the orthogonal 
axes by reacting more to clu sters of related variables than to the 
TABLE 3 - 1 
RESULTS OF PRINCIPAL COMPONENTS ANALYSIS 
Unrotated Factors 
1 2 3 4 5 6 7 8 
Eigenvalues* 6 .09 3.79 1.87 1.18 0.99 0.75 0.48 0.41 
% of Total Variance 26.5 16.4 8.2 5.1 4.3 3 .3 2 .0 1.8 
Cumulative 42.9 51.1 56 . 2 60 . 5 63 .8 65 .8 67 . 6 
% of Common Variance 38.0 23 .6 11.8 7.3 6 . 2 4.2 3.5 2 . 5 
Cumulative 61.6 73.4 80.7 86 .9 91.1 94 . 6 97.1 
* Summation of Eigenvalues = 16.03 
9 10 
0.23 0.13 
1.0 0.6 
68 . 6 69 . 2 
1.3 0.9 
98 .4 99.3 
11 
0.07 
0.3 
69.5 
0.5 
99 .8 
12 
0.04 
0.1 
69.6 
0 . 2 
100 
Q\ 
co 
~ 
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entire distribution. "The unrotated factors successively 
define the most general patterns of relationship in the data. 
Not so with the rotated factors. They delineate the distinct 
clusters of relationships if such exist" ( Rummel 1967, p.466 ) . 
The 'n ' r otated factors will account for the same total amount 
of variance as the ' n' unrotated factors but the variance will 
be redistributed within the factors. This is illustrated by 
a comparison of the per cent of common variance rows for the 
unrotated factors in Table 3 - 1 and the rotated factors in 
Table 3 - 3 . The first five unrotated factors successively 
contain ( in round numbers ) 38, 24, 12, 7 and 6 per cent and 
although the first five rotated factors total the same 87 per 
cent, the successive distribution is 28, 29, 11, 12 and 7 per 
cent . 
The basic results of factor rotation are presented 
in Table 3 - 2 . The five columns give the loadings of the 
variables on each rotated factor , and these indicate the 
degree and direction of association of a variable to a factor, 
similar to a correlation coefficient. 
The square of the loading is the proportion of that 
variable ' s total variance contained ln the particular factor 
and these are calculated in Table 3 - 3. The column headed model 
communality is the proportion of a variable ' s total variance 
(i . e. unique plus common ) explained by the five factors and 
is obtained by summing the five factor proportions . Those 
which show the highest proportion are because of the nature of 
factor analysis , those which figured most prominently in the 
intercorrelation matri x and in the discussion of choropleth 
maps . They are in general concerned with population density 
and size of agricultural holdings . The average rice yield -
variable 23 - also has a high proportion in the model which 
may in large part be becau se of its calculation by regression 
on the other variables . The lowest proportion is for variable 
22, th per cent of holdings area irrigated which previously 
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TABLE 3 - 2 
ROTATED FACTOR LOADINGS ON VARIABLES 
Var iable R.F . I R. F . II R. F . III R.F . IV R.F.V . 
1. Population Density -.804 -. 225 .345 .106 .080 
2 . Female Fertility .6 22 -.015 .110 -. 480 .159 
3 . Population Replacement -. 024 - .459 -. 086 -. 542 .117 
4. School Enrolment . 061 .040 .543 .015 - .113 
5 . Students per Teacher .395 - .043 -. 134 - .286 - . 219 
6 . Average Household Size - .531 -. 053 - .206 .016 .025 
7 . Av erage Village Populatim . 138 -. 204 .145 -. 548 - .003 
8 . Females vs Males -. 486 - .147 - .513 .388 -. 089 
9 . Distance Between Villages . 798 . 191 - .080 - . 345 -. 020 
10 . % Population Remote . 307 .008 - .464 . 119 -. 001 
11 . % Population Agricultural -. 044 - .027 -. 777 . 025 -. 036 
12 . % Amphoe Hilly . 415 .464 . 002 - .492 . 064 
13. % Amphoe in Holdings -. 768 -. 480 . 065 .032 -. 012 
14 . Holding Area per Agric. 
Person . 105 -. 882 -. 007 -. 098 -. 076 
15 . Av erage Size Holding - .081 -. 941 -. 051 -. 123 -. 108 
16 . % Holdings Very Small . 114 . 852 . 010 -. 16 2 -. 049 
17 . % Holdings Very Large -. 033 - .785 . 016 -. 355 -. 350 
18 . % Holdings Area Crops -. 728 . 067 -. 139 . 036 . 443 
19 . % Holdings Area Fallow - .048 -. 186 .044 .012 -. 704 
20 . % Holdings Area Tree 
Crops . 186 . 456 .335 -. 174 -. 379 
21 . % Holdings Area Woodland . 781 -. 127 . 062 -. 004 . 223 
22 . % Holdings Area Irrigated . 034 . 076 . 027 -. 276 - . 061 
23 . Rice Yield . 300 . 686 . 117 -. 438 . 037 
Variables R.F.I 
1 .646 
2 .387 
3 0 
4 0 
5 .156 
6 .282 
7 .019 
8 .236 
9 .637 
10 .094 
11 0 
12 .173 
13 .589 
14 .011 
15 .007 
16 .013 
17 0 
18 .530 
19 0 
20 .035 
21 .610 
22 0 
23 .090 
Sum of prop-
ortions 4.53 
Per cent of 
model 
variance 
Per cent of 
common 
variance 
Per cent of 
total 
variance 
32.5 
28.3 
19.7 
Rotated Factors 
R.F.II R.F.III 
.051 .119 
o .012 
.210 .007 
o .295 
o . 018 
o .043 
.042 .021 
.022 .263 
.037 .006 
o .215 
o .604 
.215 o 
.231 o 
.778 o 
.886 o 
.726 o 
.616 o 
o .019 
.035 o 
.198 .112 
.016 o 
.006 o 
.470 .014 
4.55 1. 76 
32.7 12.7 
28.5 11.0 
19.8 7.7 
R.F. IV 
.011 
.230 
.293 
o 
. 082 
o 
.300 
.151 
.119 
.014 
o 
.242 
o 
.010 
.015 
.026 
.126 
o 
o 
.030 
o 
.076 
.192 
1.92 
13.8 
12.0 
8.4 
R.F.V 
.006 
.025 
. 014 
.013 
.048 
o 
o 
.008 
o 
o 
o 
o 
o 
.006 
.012 
o 
.122 
.196 
.496 
.144 
.050 
o 
o 
1.15 
8.3 
7.2 
5.0 
TABLE 3-3 
----
PROPORTION OF TOTAL VARIANCE 
Model 
Communality 
.833 
.654 
.525 
.314 
.305 
.328 
.382 
.680 
.800 
.324 
.609 
.634 
.825 
.805 
.922 
.768 
.866 
.752 
.535 
.519 
.680 
.087 
.767 
13.91 
100.0 
87.0 
60.5 
Unincluded 
Communality 
.063 
.115 
.042 
.169 
.158 
.197 
.130 
.059 
.064 
.113 
.049 
.074 
.054 
.128 
.039 
.077 
.037 
.085 
.017 
.032 
.142 
.158 
.102 
2.10 
13.0 
9.1 
Total 
Communality 
.896 
.770 
.567 
.483 
.463 
.525 
.512 
.739 
.864 
.437 
.658 
.708 
.879 
.933 
.951 
.845 
.903 
.837 
.552 
.551 
.822 
.245 
.869 
16.01 
100.0 
(69.6) 
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Uniqueness 
.104 
.230 
.433 
.517 
.537 
.475 
.488 
.261 
.136 
.563 
.342 
.292 
.121 
.067 
.049 
.155 
.097 
.163 
.448 
.449 
.178 
.755 
.131 
6.99 
30.4 
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showed no significant, causally linked correlation with any 
other measure. 
The next column contains the proportion of variance 
lost or excluded by the decision to use only five factors , and 
indicates which of the variables have been most affected by 
this parsimony. It is the difference between the model commun-
ality and the total communality of the original 23 variables 
shown in the adjacent column. In general it is those variables 
which have the least communality that have been most affected. 
No single variable has been dramatically affected but it is 
possible that additional factors would perhaps have included 
more variance from variables 4 and 6 although these are weakly 
represented, and variables 5 and 22 which are not represented 
on any factors and had low intercorrelations. However , there 
is no guarantee that these would be better represented if only 
one or two additional factors had been included and over-all 
the decision to consider only five factors appears not to have 
seriously affected any significant variable. 
Uniqueness, or as it is sometimes called 11 specifici tyl1, 
shows the proportion of a variable that is unrelated to any of 
the other variables, and reveals to what degree it cannot be 
derived from data on the other variables, by using such tech-
niques as multiple regression. Much of the discussion above on 
communality is also relevant here. It should be emphasised 
that some of the low measures of uniqueness may be because two 
vari ables measure nearly the same thing rather than that a 
variable correlates highly with many or all others. As such 
uniqueness is similar to a verage intercorrelation, with some 
of the latters weaknesses. 
Technically the term eigenvalues is restricted to 
the sum of squ ared factor loadings for unrotated factors . 
Therefore in Table 3-3 the phrase l1sum of proportionsl1 is used 
although the values can be employed in the same manner as 
eig nvalues to obtain the percentage' variance contained in 
factors . These are given In the lower rows and show the 
relationship of the rotated factors to the model, common 
and total variances. It is worthwhile here to repeat that 
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the five rotated factors account for the s ame amount of variance 
as the five unrotated factors but that variance is redist ributed 
amongst them . 
The contribution of all variables to a factor i s 
presented in Table 3 - 4 and is calculated by dividing the 
proportion of a variable in a facto r by the s um of proportions 
for that factor . Table 3 - 5 has been included to assist 
identification of the factors by ordering and interpreting 
the major contributing variables. "Nomenclature i s admittedly 
a major problem in analysing the results of factor analysis. 
Considerable SUbjectivity is involved in the naming of the 
factors , Choosing a term, word or phrase which can most 
adequately describe .in some cases the variety of variables 
contributing to a given factor is difficult and controversial." 
(Megee, 1965, p . 131). In this table the factors are in general 
named from those variables contributing most strongly although 
SUbjective interpretation has been exerci s ed. "The l a bel is 
unimportant . What does matter is the identification of an 
extremely tight cluster of structured interrelations between 
various distinct measures ••••••• " (Schnore, 1961 , p.238 ) . 
Using the factor loading for each variable and the 
s tandard score of an amphoe on each variable, a linear equation. 
can be developed to provide the factor score of an arnphoe on 
each factor . These were calculated in the computer program 
and are listed in Appendix C and shown by chorpleth maps in 
Maps 34- 38 . 
IDENTIFICATIO OF ROTATED FACTORS 
Rotated Factor I is largely made up of character -
istics relating to popu lation density and because of the 
direction of the loadings is labelled "underpopulation" . A 
high score on this factor indicates ' ?n amphoe with a low 
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TABLE 3 - 4 
PER CENT OF ROTATED FACTOR CONTRIBUTED 
BY EACH VARIABLE 
Va r iable R. F . I R. F . II R. F . III R. F . IV R. F . V 
1. P opul ation Density 14 1 7 1 1 
2 . Female Fertility 9 1 12 2 
3 . Popu lation Replacement 5 15 1 
4 . School Enrolment 17 1 
5. Students per Teacher 3 1 4 4 
6 . Av erage Household Size 6 2 
7 . Average Village Population 1 1 16 
8 . Females v s Males 5 15 6 1 
9 . Distance Between Villages 14 1 6 
10 . % Popu lation Remote 2 12 1 
11 . % Popu lation Agricultu ral 34 
12 . % Amphoe Hilly 4 5 13 
13 . % Amphoe in Holdings 13 5 
14 . Holding Area per Agric . 
Person 17 1 
15 . Av erage Size Holding 19 1 1 
16 . % Holdings Very Small 16 1 
17 . % Holdings Very Large 14 7 11 
18 . % Holdings Area Crops 12 1 17 
19 . % Holdings Area Fallow 1 43 
20 . % Holdings Area Tree Crops 4 6 2 12 
21 . % Holdings Area Woodland 13 4 
22 . % Holdings Area Irrigated 4 
23 . Rice Yield 2 10 1 10 
Totals may not be 100% du e to rounding 
Va ri able 
1(-) 
9 (+) 
21 ( + ) 
13(-) 
18(-) 
2 (+) 
6 (-) 
8 (-) 
12(+) 
15(-) 
14 (-) 
16(+) 
17(-) 
23 (+) 
13(-) 
12(+) 
3 (-) 
11(-) 
4 ( + ) 
8 (-) 
10 (-) 
1 (+) 
20 (+) 
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TABLE 3 - 5 
IDENTIFICATION OF ROTATED FACTORS 
Contribution 
% Cum % Meaning 
14.3 
14.1 
13. 5 
13.0 
11.7 
8 . 6 
6 . 2 
5 . 2 
3 . 8 
19.5 
17.1 
16 . 0 
13 . 5 
10.3 
5 . 1 
4 . 7 
4 . 6 
34.3 
16.7 
15 . 0 
12 . 2 
6 .8 
6 .4 
ROTATED FACTOR I 
Low population density 
28 .4 Widely dispersed villages 
41.9 High proportion of holdings in woodland 
54 . 9 Low proportion of amphoe in holdings 
66 . 6 Low proportion of holdings in crops 
75 . 2 High rate of female fertility 
81 .4 Low average size household 
86 . 6 Low proportion of females to males 
90 . 4 High proportion of amphoe hilly 
ROTATED FACTOR II 
36.6 
52 . 6 
66 . 1 
76 . 4 
81 . 5 
86 . 2 
90 . 8 
Low average size holding 
Low average holding area per person 
High p r oportion of holding area in small 
holdings 
Low proportion of holding area in large 
holdings 
High rice yield 
Low proportion of amphoe in holdings 
High proportion of amphoe hilly 
Low ratio of young to old people 
ROTATED FACTOR III 
51 . 0 
66 . 0 
78 . 2 
85 .0 
91. 4 
Low proportion of population agricultural -
ists 
High rate of school enrolment 
Low proportion of females to males 
Low proportion of population remote from 
roads 
High popu lation density 
High proportion of holdings ln t r ee crops 
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TABLE 3 - 5 ( CONTD .) 
Va r iable 
7 (-) 
3 (-) 
1 2 (-) 
2 (-) 
23 (-) 
8 ( + ) 
17 (-) 
8 (-) 
19 (-) 
18 ( + ) 
20 (-) 
17 (-) 
Contribu tion 
% Cum % Meaning 
ROTATED FACTOR IV 
15 . 6 
1 5 .3 
1 2.6 
12 . 0 
10 . 0 
7 . 9 
6 . 6 
6 . 2 
43 . 0 
17 . 0 
1 2 . 5 
10 . 6 
30 . 9 
43 . 5 
55.5 
65 . 5 
73 . 4 
80 . 0 
86 . 2 
Low average village population 
Low ratio of young to old people 
Low proportion of amphoe hilly 
Low female f ertility 
Low rice yield 
High proportion of female s to male s 
Low proportion of holding area in large 
holdings 
Closely spaced villages 
ROTATED FACTOR V 
60 . 0 
72 . 5 
83 . 1 
Low proportion of holding area fallow 
High p r opo r tion of holding area in crops 
Low proportion of holding area t r ee crops 
Low p r opor tion of holdings a r ea in large 
holdings 
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population density and with villages dispersed over a hilly 
terrain. Little of the amphoe is covered by agricultural 
holdings and these holdings tend to contain much woodland with 
little area actually devoted to crops. There is a preponderance 
of males in the population and a large number of children under 
five years for every female of child- bearing age. In addition , 
the average size of household is comparatively small which to-
gether with the fertility and sex ratios suggests young 
pioneering families not long in t he area. The map fortifies 
the identification of this factor as one of underpopulation 
and illustrates the pattern of a densely populated central area 
about the Mun and Chi rivers, generally surrounded by a ring 
of pioneer amphoes of low density. Anomalies in the maps of 
the contributing variables have been partially smoothed out 
to present a more areally co~esive pattern although the high 
density amphoes along the Mekong remain outstanding. 
Obviously from the nature of the major contributing 
variables, Rotated Factor II is concerned with the size of 
agricultural holdings. As already discussed in Chapter 2, 
regression analysis showed rice yield is inversely related to 
holding size and R.F .II reflects this. If we assume that those 
amphoes with low rice yields need more land to grow rice than 
other amphoes, because of declining (or declined) soil fertility , 
they could be described as over-used or over - developed. However 
this factor has the opposite signs on loadings, and high amphoe. 
scores'on this factor indicate a comparatively underdeveloped 
state, albeit with a somewhat high proportion of hilly land bu t 
which may, nonetheless, be capable of supporting more people 
by extension of ag icul t ural lan' Hence it is labelled 
"Agricultural Underdevelopment". 
Rotated Factor III is not so cleanly identifiable 
as the two previous factors although the initial reaction is 
to classify it as an index of urbanisation. The dominating 
influence of the low proportion of agriculturalists , the male 
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predominance and high school enrolment , and the greater 
accessib ility to communication routes suggests a relatively 
s ophisticated state . Howe ver when the factor was mapped not 
all the amphoes containing large centres scored high as would 
be expected ( e . g . Khor at ( HIO ) , Nakhon Phanom (G4». Indeed 
some v ery remote amphoes with small centres and no known claim 
t o b ei n g urbanised sco red high on this facto r. From Table 3 - 5 
it can be seen that the initial variable indicating a 
c omparati vely low proportion o f t he population in agricultural 
households, contributes more than one third of the factor 
structure. Because of this the factor was named "Non-
dependence on Agriculture" which may be owing to urbanisation 
or to non - agricultural pursuits such as hunting , fishing or 
timber extraction . 
Rotated Factor IV has been named "Out - migration" . 
The highest variable , average village population , was earlier 
considered of questionable validity when treated singly . How-
e ver its appearance in this factor with other measures associated 
with out - migration brings out a less damaging appraisal . It 
may be postulated from the contributions of variables that 
out - migration has operated to depopulate the villages , leaving 
hehind the females and the elderly , and the lack of females 
has resulted in a lowering of the female fertility ratio . ot 
surprisingly , this has occurred in areas of low rice yield and 
high rural density (indicated by close villages ) in fairly flat. 
terrain such as about the Mun - Chi basin . The amphoes in the 
west scored low on this index and tended to have high scores on 
the indices of "under-population" and "agricultural under -
dev elopment" . 
"Intensiv e Land Use" is offered for an identification 
of Rotated Factor V. Over three - quarters of the factor is 
composed of land use variables and the sign of the loadings 
make high scores a measure of intensiv e cropping with little 
of the holdings u sed as fallow or tree crops . There are few 
large holdings. As in the individual maps of the relevant 
variables , the southwest corner is strongly demarcated as 
being non-intensively used. This is an important feature 
which merits f urther investigation and no explanation is 
offered here. 
The thesis of this chapter was to ascertain whether 
the 23 meas ures mapped by amphoes in Maps 11 to 33 could be 
replaced by a lesser number of underlying spatial patterns 
that together reveal almost a s much about the state of the 
region. This has been satisfactorily accomplished by using 
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the multivariate statistical technique of factor analysis. 
This isolated five underlying factors which together account 
for 60 per cent of the total variance and 87 per cent of the 
common variance. These underlying factors (named "rotated 
factors" here to a void confusion) have each been identified 
by a general name, mapped, and briefly discussed by structure. 
CHAPTER 4 
REGIONALISATION 
"Dimensional analysis permits the exact 
measurement of the degree of similarity 
of each place and every other, giving 
due weight to each pattern of regional •••• 
structure. 
Finally, once the degree of similarity of 
each pair of places is known, grouping 
techniques can be used to link into 
regions these places which display 
maximum similarity". 
(Berry 1967B p.79) 
Five basic spatial patterns were obtained from the 
factor analysis program. The aim of this chapter is to test 
the feasibility of using these patterns to delineate homo-
geneous regions ln Northeast Thailand. To pursue this aim, 
dimensional analysis will be used to measure the similarity 
between amphoes and grouping techniques will be employed to 
link similar amphoes together. 
DIMENSIONAL ANALYSIS 
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In dimensional analysis the similarity or dissimilar -
ity of each pair of observations is the taxonomic distance 
between them in ' n ' dimensional space . Dimensions in this case 
are the rotated factors which, because of their orthogonality, 
are independent and intersect at right angles. This independence 
allows each to be considered of equal weight regardless of the 
amount of model variance they accounted for . The fact that they 
intersect at right angles means the taxonomic distance is the 
straight line distance between observations located as points 
in an 'n ' dimensional graph . This distance for a pair of 
amphoes on one factor can be obtained by Pythagoras ' theorem 
for right angled triangles applied to two dimensional graphs 
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which is: 
(1 ) 
For an 'n' dimensional graph this becomes: 
2 ~ 2 ( 2 ) D = ~ ( Xi - Yi ) where i = 1, 2 •••••• n 
For this study where the five rotated factors represent 
the spatial patterns or dimensions the formula is : 
( 3 ) 
where : X and Yare amphoes; 
( ~ 
(~ 
Xl and Y1 are the scores of X and Y on Rotated 
Factor I etc; 
D2 is the total dissimilarity between X and Y 
on all five factors 
2 
The D between each amphoe and its contiguous neigh -
bours was calculated. In proceeding toward a typological 
classification or grouping , the D2 between each member and 
each other member ln the total matrix would be calculated. 
Regionalisation is a more restrictive case of this classification, 
in which the constraint is imposed that grouped members must 
be contiguous. 2 This means that only the D between contiguous 
members is calculated for regionalisation purposes which is 
~he requirement here. 
The use of a suitable computer program would have 
greatly facilitated the computations and one that would provide 
ultimately both regions and types (i.e . with and without 
contiguity restraints ) would have been ideal for this study . 
No computer program readily suitable for the task was available, 
and considering the time and objectives involved, it was 
decided to perform the grouping manually and this of course 
had a large influence on the procedure used . 
GROUPING 
Figure 4 - 1 is a schematic plot showing the values of 
D2 obtained in the first step . These were calculated from the 
values in Appendix C and in the figure the last three digits 
XII 
4784 \~9 19~8 100 6 
6~1 
Figurl 4-1 
CLUSTER FORMATION 
by 
77. 
Nla~st Nlighbour Analysis 
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hav e been left off for convenience . The second step is 
clustering in which initially all reciprocal pairs ( two 
members who are more similar to each other than to any other 
members ) are joined, and is followed by the linking of nearest 
neighb ou rs in which each member is joined to the member most 
similar to it . Thirty clusters wer e formed , each containing 
a reciprocal pair and by definition in each cluster any member 
is more similar to one member within that cluster than to any 
member outside . This is straight - forward "Elementary Linkage 
Analysis" introduced by McQuitty ( 1957 ) , described in a 
geographic framework by Berry ( 1958 ) and used by R. H. T . Smith 
(1 965 ) • It has the dual advantages of simplicity and speed 
for grouping purposes and ensures that no single members are 
left . However it is a relatively coarse method compared with 
step by step procedures used by Berry (e.g. 1961B ) and others 
in which only the most similar pair in a matrix is taken, one 
pair at a time . Also it is possible for dissimilar members to 
be within the same cluster because as Johnston (1968 p . 578 ) 
points out, "an individual may be classified in a group from 
whose reciprocal pair it is relatively distant (because its 
nearest neighbour has a nearest neighbour whose nearest neigh -
bour is in the reciprocal pair t) " This can operate on both 
sides of the reflexi v e pair as with F6 and F7 in Figure 4 - 1. 
These are contiguous members with a high D2 indicating low 
similarity but they are in the same cluster because of the 
nearest neighbour chain. 
F6 
• F7 K6 
+ l 
K7~ 1 ..... 2....-K8 
Ob v iously "within cluster" va r iance could be considerable . 
The opposite may also happen where two members who are quite 
similar are assigned to different clusters becau se each is 
more similar , however slight, to another member . This is 
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il l ustrated by P7 and L3 in Figure 4 - 1 as shown below : 
P2 373 _ • .---__________ ~~~ P7 
, 
L3 200 ~. __ ------____ ~.~ L2 
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Despite these limitations and disadvantages the necessity to 
perform the grouping procedure manually meant that these were 
ou t weighed by the advantage of a rapid initial acceleration . 
In the e v ent the 1 27 members were reduced to 30 clusters , the 
lar gest containing 14 members and several containing only two. 
With only 30 clusters to deal with it appeared desir -
able, from a standpoint of increasing accuracy and refinement, 
to slow the process down . Johnston (1968 ) has said that it is 
permiss i ble to change procedures in mid- course. Instead of 
continuing with " Elementary Linkage Analysis" on the 30 clusters 
and finding their nearest neighbours a switch was made to what 
Johnston calls "Hierarchical Classification by Reciprocal Pairs" . 
The centroid value for each rotated factor for each cluster 
was determined as the means of all the individual members of 
that cluster for that rotated factor. Clusters were defined 
as contiguous if any member of one cluster was contiguous with 
any member of the other clusters 2 . The D between centrolds of 
contiguous clusters was calculated and all reciprocal pai r s 
were linked . This differs from "Elementary Linkage Analysis" 
where nearest neighbours are also linked, and from "Hierarchical 
Syndrome Analysis" in which only the most similar of the 
reciprocal pairs is linked. This reduced the 30 clusters to 
22 first generation groups . Whe r e necessary new centroid values 
were calculated , and the process repeated , reducing the matrix 
to 1 8 second generation groups . A further operation left 13 
third generation groups composed of seven generated groups and 
six reciprocal pairs in their virgin state . Details of the 
grouping are shown in Figure 4 - 2 . 
Fou rth generation groups showed a tendency for large 
groups to be joined with no mo v ement in the ' ~irgin reciprocal 
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pairs. Thus it was decided to halt this grouping procedure at 
the third generation groups and examine the six clusters of 
reciprocal pairs on the original amphoe linkage diagram 
( Figur e 4-1), to see if any could logically be joined to a 
generated group . Basing judgement largely on values of 
dissimilarity with contiguous member s already in a group, it 
was arbitrarily decided to assign Cluster 13 to Group 12/4/11 , 
Cluster 22 to Group 23/10/7/8 and Cluster 29 to Group 28/27 . 
The remaining v irgin clusters and groups were deemed to have 
sufficient significant dissimilarity to adjacent clusters and/ 
or groups, and uniqueness, to be treated as individual entities . 
That accepted objective grouping procedures gave way in the 
final stage to some s Ubjective judgement is not new in the 
literature of regionalisation . For example the pioneer work 
by Hagood (1 943 ) on the statistical grouping of American States 
into regions presented several alternative sets of region s and 
the final decision was sUbjective. 
REGIONAL DESCRIPTION 
The procedure described above, based on measures of 
dissimilarity operated to combine the 127 amphoes of ortheast 
Thailand into 30 clusters of amphoes . In turn these were 
manipulated by measures of dissimilarity between centroids into 
sev en groups of clusters, and three virgin clusters which failed 
to combine with any other . These ten will be referred to as 
regions and the clusters that combined to form them will be 
termed sub - regions . Note that in the case of the three virgin 
cluster regions there will be no s ub-regions. The larger 
regions are gi v en descriptive names , while the smaller have 
been named after the largest centre or centres within them . 
The Synthetic Regional Model is shown as Map 39 . Each of the 
ten regions will be discussed indi vidu ally in terms of their 
centroid valu es on the fi ve rotated factors shown in Table 4 -1. 
Just as each factor was gi v en equal weight in the measurement 
of dissimilarity because of their orthagonality, so too are they 
Cluster 
Generation 
First 
Second 
Third 
Fourth 
A 
Fi gure 4 - 2 
FORJ.IATION OF REGIONS BY HIERARCHICAL CLASSIFICATION OF RECIPRCCAL PAIRS 
26 2 30 
D E G 
F H 
J K 
0) 
...... 
gi ven equal importance in the regional discussion. 
In Chapter 2, the rotated factors were given 
descripti v e names based on the importance and signs of 
the contributing variables. Bearing in mind that frequently 
in factor analysis the "process of giving birth is much 
easier than naming the baby" ( Spence 1968 , p . 94 ) these name s 
will be used in the regional discussions below, along with 
an interpretation of their opposite in s ign. For example: 
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RF I 
High positive values 
"under population" 
High negative values 
high population density 
RF II "agricultural underdevelopment" agriculturally developed 
RF III "non- dependent on agriculture" dependent on agriculture 
RF IV 
RFV 
"out - migration" 
"intensive land use" 
low out - migration 
non-intensive land u se 
TABLE 4 - 1 
MEAN VALUES OF CLUSTERS AND REGIONS ON ROTATED FACTORS 
R. F . I R. F . II R. F . III 
Agricultural Non - deEendence 
Region and Cluster Under - population Underdevelopment on Agriculture 
A) Central Lowland 
- 405 - 409 - 62 
10 - 538 - 400 - 201 
23 - 740 - 246 92 
7 - 349 - 404 236 
8 - 259 - 86 - 269 
22 - 141 - 907 - 167 
B) Ubon - Sisaket 
- 606 - 314 - 195 
19 - 634 - 425 62 
17 
- 456 
- 393 133 
15 
- 621 - 364 - 189 
14 - 724 
- 75 - 253 
C) Rasi Salai - Amnat 
Charoen 
- 473 - 272 - 626 
18 - 634 - 166 - 355 
21 
- 311 - 378 - 896 
D) Nakhon Phanom (26) 
- 641 444 466 
E ) Nakhon Ratchisima (2) 
- 429 107 270 
R.F . IV 
Out - migration 
172 
288 
224 
- 142 
80 
411 
299 
207 
213 
484 
2 90 
354 
487 
220 
287 
563 
R. F . V 
Intensiv e 
Land Use 
207 
- 56 
308 
144 
383 
254 
344 
73 
538 
- 83 
849 
- 694 
- 864 
- 523 
137 
- 191 
(» 
VJ 
TABLE 4 - 1 (CONTD . ) 
F) Buriram 135 - 507 
4 87 - 537 
11 - 299 - 539 
12 386 - 855 
13 365 
- 95 
G) Nong Khai (30) 233 552 
H) Udon 295 - 297 
27 162 
- 197 
28 220 -294 
29 504 - 401 
J) Phetchabun Highland 577 245 
1 611 
- 297 
3 533 482 
5 449 257 
6 747 437 
9 547 344 
K) Eastern -Hills 490 149 
24 455 483 
25 458 344 
16 693 5 
20 117 169 
- 79 - 302 
174 - 291 
196 - 698 
- 271 - 248 
- 413 31 
674 738 
131 - 403 
374 - 193 
565 - 553 
- 545 - 462 
301 - 217 
463 -21 5 
463 - 147 
326 - 5 9 
- 5 5 - 2 99 
309 -367 
-192 - 44 
- 338 - 273 
- 195 66 
- 183 - 232 
- 132 391 
- 249 
- 282 
- 180 
- 365 
- 169 
466 
262 
118 
467 
200 
- 136 
- 324 
- 395 
- 322 
155 
206 
403 
325 
461 
455 
306 
(Xl 
.j::> 
REGION A 
CENTRAL LOWLAND 
This region lies mainly within the physiographic 
province previously described as the Mun - Chi Basin, and 
includes much of the middle courses of these rivers . The 
land is flat to undulating, becoming more hilly on the 
northern and western margins . Annual rainfall varies around 
1300 mm ., and by Northeast standards is moderately dry. The 
most extensive areas of dense settlement a nd arable land are 
found here and much of the land has a low comparative density 
of less than 20 people per rai of arable land. 
Values are markedly low on R.F. I indicating 
comparatively high population densities. Similarly, high 
negati v e values ( i . e. low scores ) are found on R.F . II, the 
factor for "agricultural underdevelopment", which is not 
s urprising considering the high proportion of land in 
agricultural holdings and the generally low rice yields, but 
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it does cast some doubt on the usefulness of the map measuring 
comparative density (see Map 9 ) . For the region as a whole 
R. F . III is indeterminate although, excepting the hillier sub -
regions 23 and 7, the predominance of medium low values suggests 
abo v e - a v erage dependence on agriculture. 
"Out - migration" is medium high to high in the east 
and centre, logically reflecting the extreme negative values 
on the factors of "underpopulation" and "agricultural under-
development", and to some extent the scores on R. F . III, but 
is low in the extreme west adjacent to the Phetchabun Highlands . 
Rotated Factor V, "intensi v e land use", is high in the north 
and low in the south but o ver the region as a whole averages 
a high value . 
REGION B 
SISAKET- UBON 
This is a mainly flat region that includes the 
junction of the Mu n and Chi Ri vers , and which in many ways, 
both physical and factor - wise, can be considered a south -
easterly extension of the Central Lowland Region. Average 
values for both on all the rotated factors are alike in sign 
and direction and display a definite parallelism, with all 
but one factor having a more extreme value in this region. 
Basically the differences are of degree. Average 
annual rainfall is slightly higher than in Region A which 
follows from the Northeast pattern of increased rainfall from 
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west to east. "Underpopulation" is very low and while "agric-
ultural underdevelopment" is not quite so low as in the larger 
region, it is nonetheless in the low category. The factor 
showing dependence on agriculture is once again indeterminate 
and e ven in the sub-regions a lack of areal cohesiveness is 
noticeable. "Out - migration" is consistently high over the 
entire region. "Intensive Land Use", Rotated Factor V, scores 
high but with contrasts between, and in two cases within, the 
subregions. This can be traced to the variation within the 
region on the original variables that make up this factor. 
REGION C 
AMNAT CHAROE - RASI SAUl 
Just as Region B was described as a southeasterly 
extension of the Central Lowlands, so too might this small 
but distinctive region be described as an easterly extension, 
which also acts as a partial buffer between Regions A and B. 
Physically this region is flat in the south and undulating 
to rolling in the north, and the population density and 
agricultural holdings reflect this. 
There is an overall similarity between this and 
Regions A and B but major differences on two of the factors 
are probably responsible for its distinctiveness. "Under -
population" is low but not extremely so, "agricultural 
underdev elopment " is medium low and "out - migration" is high , 
which is also the pattern in Regions A and B. The contrast 
appears first in Rotated Factor III, where the dependence on 
agriculture is very high and greater than in ·any other region 
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ln Northeast Thailand , whereas it was indeterminate in the other 
two. It is hard to isolate the causes of this , but it may well 
be due to the high proportions of females and agriculturalists 
ln the total population . The second and more dramatic contrast 
is shown on R. F . V "intensiv e land u se" - where the very low 
score ( as opposed to high scores in Regions A and B) is 
traceable to the high percentage of holdings area fallow and 
the low proportion in tree crops. 
REGION D 
NAKHON PHANOM 
This small cluster is formed of amphoes akhon Phanom 
a nd That Phanom, and nestles enclave- like within the Eastern 
Hi ll s region, mainly on a small flat alluvial plain adjacent to 
the Mekong. Rainfall is mainly high and the population shows 
a concentration close to the Mekong and the highway paralleling 
it . As in much of the Eastern Hills Region , the ratio of 
population to arable land is high . In this region it is well 
known that considerable trade moves across the r iver to Laos, 
especially between akhon Phanom and Thakek, a centre of about 
8000 people. 
Values on R. F . I show low "underpopulation" which 
contrasts sharply with adjoining amphoes . Un like the other 
densely populated region s , which all tend to be low on 
"agricultural underdevelopment", this region , presumably because 
of its s mall sized holdings and above average rice yields , has 
a v ery high score on this factor . "Non - dependence on agriculture" 
( R. F . III ) is in the high grouping despite the high proportion 
of females to males in the region . Howev er the high regional 
valu e , 466 is caused mainly by Amphoe That Phanom ( 771 ) as 
Amphoe Nakhon Phanom has a low score - only 160 which illustrates 
the lack of internal regional homogeneity on this factor and 
introduces some question as to its accuracy for this region. 
"Out-migration" is moderately high as befits a densely 
populated region although it is agriculturally underdeveloped. 
Cross - ri ver movement may be an important contributor to thi s 
factor in the region . Finally R.F. V is neutral showing that 
intensi v e land Use is of little importance here. 
REGION E 
NAKHON RA TGIIS IMA 
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Like Region D this r egion is formed of a cluster 
which was s ufficiently distinctive to resist inclusion in the 
generation of groups. It lies between the Phetchabun Highlands 
and the Buriram Region and differs from both of these 
significantly on the "out - migration" and "underpopulation" 
factors. It occupies a largely flat area of sandy Cretaceous 
sediments and alluvium. Situated in the lee of the Phetchabun 
Range and thus partly protected from the southwest monsoon, 
the region has a low annual rainfall averaging slightly less 
than 1200 m.m. akhon Ratchisima (Khorat ) the so - called 
"Gateway to Northeast Thailand", and the largest centre in the 
Northeast, lies in the middle of this r egion which also includes 
the densely populated arable areas extending north and west 
of the town along the main lines of communication . Scores on 
the rotated factors assess the region as a densely populated 
area of out - migration,only moderately independent of 
agriculture . Like the rest of the southwest amphoes, high 
values are found on the intensive land use factor . 
REGION F 
BURIRAM 
This region mostly lies south of the Mae Nam Mun at 
elevations abo v e the 150 metre contour, and save for the 
extreme south along the footslopes of the Dangrek Range , has 
a flat to undu lating aspect . Rainfall is lower than the 
Northeast median . One noteworthy feature is the large areas 
not ser v ed by all - weather roads and the great dependence on 
rail for communications . 
Althou gh the population is not e venly distributed 
throu ghout , o v er - all the region is neutral on " the population 
factor. Similarly the factor for dependence on agriculture 
is inconclusive. High negative values on R.F. II point to a 
high level of agricultural development which is further 
s ubstantiated by the large area in large size holdings. 
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"Out-migration" is low, as is the regional score on "intens ive 
land use". In s ummary, despite the low values for "agricultural 
underdevelopment", this region seems to be close to some form 
of equilibrium between population and land use, or at least it 
is certainly more inclined this way than t he neighbouring 
regions to the north. 
REGION G 
NONG KHAI 
This region, the third cluster unaffected by the 
later stages of grouping, is made from two amphoes adjacent 
to the Mekong River - Nong Khai and Phon Phisai. ong Khai 
which includes a large urban centre of the same name, is 
across the Mekong from the Laotian capital Vientiane; it 
serves as a trans-shipment point for the bulk of surface 
transported goods to Laos and is an important point for 
population movements between the countries. 
Physiographically it is an undulating region 
receiving, by Northeast Thailand standards, moderately high 
annual rainfall. Most of the population is close by the Mekong. 
From the description so far this is very similar to the small 
Nakhon Phanom Region (D) and further attestation to this comes 
from the patterns of scores on the rotated factors, where, 
except for the "underpopulation" factor, all other scores are 
in the same direction but more extreme in value. This region 
is moderately underpopulated, due to some extent to the 
influence of unpopulated areas in Amphoe Phon Phisai, although 
the value for Amphoe ong Khai is in the neutral class. 
"Agricultural underdevelopment" is very high here as is the 
"non-dependence on agriculture" factor and these three in 
combination s uggest a region capable of increased development. 
"Intensive Land Use" is high and "out-migration" very high; 
the latter like Nakhon Phanom Region, probably gaining part , 
of the high value from cross - river border movement. 
REGION H 
UDON 
Centered about Udon Thani, the second largest urban 
area in Northeast Thailand , this region takes in much of the 
non- flat ground north of the Central Lowlands , where the Phu 
Phan Range comes close to joining the Phetchabun Range. It 
acts as a bridge between the two large upland regions and as 
befits a bridging position, includes nearly the full gamut of 
Northeastern rainfall values from very low to very high. The 
population has a discernible concentration along the main 
nor th - south communication route which fairly bisects the 
region; other minor concentrations, obviously along rivers 
and streams, are displayed. 
On the rotated factors this region shows some 
similarities with the Buriram Region. As in that region, the 
mean value for "underpopulation" is in the medium high range 
although the absolute values are slightly higher here. Like -
wise values for "out - migration" are similar but average low 
or very low in this region. If we accept in - migration as 
being the opposite of out - migration, it can be said that both 
of these are regions of in - migration which agrees with the 
migration trends found by Platenius ( 1963 ) . Whereas Rotated 
Factor II, "agricultural underdevelopment", scored very low 
in Buriram, it is only medium low in Udon with values margin -
ally higher in the southern part than in the north ; the 
difference then is one of degree as it is in the "non-
dependence on agriculture" facto r where, although the signs 
are opposite, both values are really in the middle category . 
The map of R. F . V, showing amphoe values on "intensive land 
use" , generally contains high valu es abo v e a northwest -
southeast diagonal across Northeast Thailand , and low values 
below it . In keeping with this generalisation , valu es for 
Udon Region are high and those for Bu riram lo'w and this factor 
provides the greatest contrast b etween the regions . 
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REGION J 
PHETCHABUN HIGHLAND 
This region roughly corresponds with the Phetchabun 
Range and the extreme east of the Dangrek Range. Average 
slopes are high and most of the region is hilly to mountain-
ous . Mean annual rainfall is the lowest in ortheast Thailand 
and is mostly less than 1200 m.m. per year. The population 
is mostly spar sely distributed with s ome concentrations in 
flatter areas or along streams where arable land is available. 
There are s ome large areas which are not readily accessible to 
all -weather transport, but these tend to be sparsely settled . 
These all contribute to high values on the "underpopulation" 
factor . Although less consistently high amongst the amphoes, 
"agricultural underdevelopment" also scores high in this region 
with small holdings and high rice yields common. The factor 
for "non-dependence on agriculture" sco res high in the region 
and almo st all amphoes and subregions are higher than average. 
Much of the value is undoubtedly contributed by the high 
proportion of non - agricultural households and the numerical 
dominance of male s in the total population . "Out - migration" 
is low, especially in the two northern subregions and it is 
probable that this region is receiving migrants f rom elsewhere 
in Northeast Thailand . Agricultural land is not intensively 
used in the south in common with the adjacent subregions 
there, but becomes more so in some amphoes towards the north , 
and over - all the regional value i s neutral . 
REGION K 
EASTER HILLS 
This is a large region occupying the hilly and 
adjacent rolling and undulating country on the eastern margins 
of Northeast Thailand, where it borders Laos and the Mekong . 
It also inc ludes a small portion in the s outheast along the 
Dangrek Range , and most of the Phu Phan Range . Rainfall 
throughout is abo v e a v erage for ortheast Thailand and the 
highest annual falls ( o ver 2000 m. m.) are found in the north -
east corn r . Population tends to be sparsely distribu ted 
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although some definite concentrations can be seen on the dot 
map (Map 5 ) inland as well as along the Mekong. Map 8 conveys 
a similar pattern of distribution for arable land and, taken 
together , most of the region shows a high number of people per 
unit area of arable land. 
The regional value for "underpopulation" is high as 
would be anticipated from this terrain but compared with the 
Phetchabun Highlands there is a lack of areal cohesiveness 
amongst adjacent amphoe values ; in addition there is even 
one small concentration of dense population in the south next 
to the Ubon - Sisaket Region. Rotated Facto r II, "agricultural 
underdevelopment", shows wide variations within the subregions 
and between these and the region mean. The latter falls in 
the medium high group but were it not for the low values ln 
the southeast corner, the regional score would be well within 
the high category. A patchwork quilt type pattern of 
distribution is displayed on the map of independence of 
agriculture, but when the subregion means are examined it is 
found that the majority of amphoes and indeed the subregions 
are in the medium low category. This contrasts with the high 
values of this factor in the Phetchabun Highlands Region and 
points to a fundamental difference between these two. "Out-
migration" tends to be neutral in this region because of the 
balancing - out effect of variation s in value and sign between 
subregions. Those amphoes adjacent to the Ubon - Sisaket Region 
show more affinity towards that region than to neighbouring 
amphoes in the Eastern Hills Region. In discussing Regions 
D and G, the high values for "out - migration" were partially 
ascribed to the influence of movement across the river to 
large centres in Laos . However, Mukdahan, which in this region, 
is across the Mekong from Savannakhet the second largest city 
in Laos, and yet scores a medium value. This may invalidate 
the earlier theory or may be an indication that were it not 
fo r cross - ri ver movement, Mukdahan would be an amphoe of in -
migration and that this has been muted to a neutral value . 
R. F. V , "intensiv e land use", scores in the high category 
although a definite decrease in values is noted about the 
Phu Phan Range in the north . This factor, like R.F . III, 
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is opposite in sign to the Phetchabun Highlands and shows that, 
while both are underpopulated and underdeveloped, the Eastern 
Hills Region is more dependent on agricultur e and the land is 
more intensi vely used . 
CHAPTER 5 
TYPIFICATION 
"In classification objects may be grouped into 
classes on the basis of some similarity . Such 
objects need not be near to each other, indeed 
they are considered in most cases guite 
independently of location Thus for 
example, if we took every farm in England and 
grouped these farms into classes on the basis 
of some similarity, does it necessarily follow 
that similar farms will occur next to each 
other if they are then p lotted upon a map?" 
(Grigg 1965 p.480 ) 
"For example, groups of places in the struct -
ural space form uniform regions, if 
contiguous and regional types (for example, 
type-of-farming areas ), if spatially separated" . 
(Berry 1967C p.421) 
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The thesis is now posed that the previously generated 
regions represent distinctive identifiable types or combinations 
of types. 
In the Chapter 4 the primary objective was to establish 
relatively homogeneous regions and therefore the restraint of 
areal contiguity was imposed on the pairs of observations to 
be compared. On the basis of the similarity between contiguous 
areal unit s , the 127 amphoes were combined into 30 subregions 
which in turn were used to form ten regions. To examine and 
hopefully establish the validity of the resultant synthetic 
regional model and the grouping procedures that generated it, 
this chapter will attempt to seek out regional generic types 
in terms of the five rotated factors by dropping the constraint 
of adjacency of individuals, and applying a somewhat different 
grouping procedure. This might also reveal some additional 
insight into the geography of ortheast Thailand. 
GROUPING FOR TYPES 
Numerous methods of classification suitable for 
obtaining regional typologies are available; some of these 
were alluded to in Chapter 4 and are discussed extensively by 
Johnston ( 1968 ) and Berry (1967a). Many have been adapted to 
computer programs and personal judgement and a consideration 
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of the objectives of the study i s necessary to select the most 
appropriate method. In this case the respected personal advice 
of W. T. Williams led to "Program Class" (Lance and Williams 
1967 ) • In brief this program achieves an agglomerative 
classification by means of a combinational strategy involving 
a choice of similarity measures and sorting methods. After 
some investigation, the combination selected was the squared 
euclidean distance (used in Chapter 4 above) for similarity 
along with the so called "flexible" sorting strategy. The 
latter gains its title from the user - selective optional values 
for Beta, a constant in the formula which determines the degree 
of intensity of clustering. 
Because the program is agglomerative and hierarchical, 
(that is it performs only one movement at a time which is to 
link either an individual to an individua l, an individual to 
a group of individuals or a group of individuals to a group of 
indi v iduals ) , to force ' n ' individuals into a single group 
required 'n-1 ' steps. In this case the individuals are amphoes 
and the total number of steps required is 126. However, for 
ease of identification ln the computer print - out the amphoes 
were assigned number 1 to 127 and consequently the first step 
which joined the two most similar amphoes created group 128 
and so on until the final step placed all amphoes in one group -
group 253 ( i . e . 127 + (n - 1 ». If the total sum of the squared 
within - group distances after the final step (i . e . one group ) 
is set equal to 100 per cent, the percentages for each of the 
other levels can be calculated . Thi s will be a measure of the 
level of generalisation and the difference between this and 100 
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per cent will be the level of detailedness (Steiner 1965 ) . 
Figure 5 - 1 shows the final end of the linkage tree which is 
plotted by the computer program on a "Calcomp Plotter". The 
numbers on the plot are the groups, and the adjacent rows 
refer to the levels of generalisation and detailedness at each 
step . (The entire linking process is listed in Appendix D). 
By an examination of Figure 5-1, the number of groups, 
ln this case types or hierarchies of types, and the level of 
detailedness desired can be ascertained. Because this operation 
is partly designed to verify the regionalisation procedures used, 
the number of types ideally should approximate the number of 
regions which was ten . The figure shows that for ten groups 
the level of detailedness is 82.3 per cent, but from the 
column of incremental change one additional group would result 
in a gain of 2 . 6 per cent, whereas beyond eleven the incremental 
c u r v e flattens out. Thus the optimum number of groups is 
indicated to be elev en . This means that we can treat the 127 
amphoes as elev en groups or types and account for almost 85 
per cent of their variation on the five rotated factors. Type 
scores are shown in Table 5 - 1. 
DESCRIPTION OF TYPES 
The selection of eleven types was a compromise between 
the forces of detailedness and generality , influenced by the 
number of regions previously determined. After mapping the 
types it was apparent that a further grouping of types would 
be conv enient for description and comparison with the regions . 
From the linkage tree in Figure 5 - 1, a suitable agglomeration 
was obtained , which pro v ided four groups of types or supertypes . 
These will be discussed in general terms as a means of avoidin g 
duplication and repetition, but it is the types within the 
supertypes that we are most concerned with . ( Reference should 
be made to the Synthetic Typal Model shown as Map 40 ). 
No. of 
Groups 
2C 
19 
18 
17 
16 
I 15 
: . 14 
13 
~ 12 
I 11 
10 
I 9 
8 
7 
I 6 
5 
4 
3 
2 
1 
Figut'e 5 - 1 
LINKAGE TREE FOR TYPAL G.ttOuPlliG 
Nwnber s r efer to gr-oups 
227 221 230 105 213 224 229 219 232 216 228 234 215 226 210 233 26 231 200 207 
\ \ I \ / \ / I \ / I \ \ I _V 235 
\ \ I V ??lfi \ / I \ I I \ \ I I 
\ \ I \ \ / I V ? ?l7 I \ \ I I 
\ \ / \ V 238 I I I \ \ I I 
\ \ I \ I I / I \ V ??l~ I 
\ V ?A-O \ / 1 1 \ \ I 
\ \ \ / V 241 I I \ \ I 
\ \ \ / . ~ 1 ~ ?4. ? \ \ I 
\ \ \ / \ I J \ ?A 3 \ I 
\ \ \ / \ I i \ V 244 
\ \ \ I \/ 245 / . 1 
. . \ \ V246 \ / \ / 
\ \ ----7Jf7 ~ / \ / 
\ / ~ ~ \ I 
\ / \ ~ - V?A.~ 
lh50 ~ ~ /' 
------
\ ~~1 
-------
~  
~ -----1 253 
-
. ) 
Level of Level of Incremet 
Generali zation Det ailedness 
9.1 90.9 
9.2 90.8 0.1 
10.4 89.6 1.2 
10 .7 89.3 0.3 
10.8 89.2 0.1 
11.3 88.7 0 . 5 
13.9 86.1 2.6 
13.9 86 . 1 0.0 
14 .0 86 0 o 1 
15.1 84 .9 1.1 
17. 7 8 2.3 2.6 
22.0 78 . 0 4.3 
23.0 77.0 LO 
27.9 72.1 4. 9 
28.9 71.1 1.0 
31.2 68 . 8 2.3 
40 .1 59.9 8.9 
56.7 43.3 16 .6 
63 . 6 36. 4 6.9 
100.0 0 36.4 
\0 
'I 
TABLE 5 - 1 
TYPE SCORES ON ROTATED FACTORS 
Supertype Type No . of R. F . I R. F. II R. F . Amphoes Mean Median Mean Median Mean 
250 238 27 - 525 - 528 - 312 - 315 - 153 
236 8 - 689 - 678 - 255 - 231 - 36 
240 12 - 527 - 580 61 224 391 
227 5 - 440 - 496 - 258 - 250 - 523 
250 52 - 542 - 565 - 212 - 250 - 46 
245 241 10 93 211 185 163 - 711 
237 11 642 596 437 501 - 284 
245 21 380 362 317 261 - 487 
248 242 20 579 601 341 215 395 
234 3 549 585 566 513 698 
248 23 575 585 376 341 434 
249 243 12 461 299 - 485 - 431 - 292 
239 12 
- 85 - 238 - 162 - 200 292 
235 7 
- 76 - 137 - 565 - 540 345 
249 30 132 181 
- 391 - 310 81 
III R. F . IV 
Median Mean Median 
- 190 355 332 
- 164 209 241 
501 413 325 
- 387 342 287 
- 174 345 319 
- 724 - 124 - 144 
- 255 12 103 
- 351 - 53 -134 
366 - 136 - 188 
881 54 - 382 
371 - 111 - 187 
- 313 - 315 - 219 
253 - 319 - 218 
155 - 445 - 329 
127 - 357 - 240 
R. F . 
Mean 
60 
848 
55 
- 716 
105 
482 
449 
465 
- 171 
763 
49 
- 46 
418 
- 343 
79 
V 
Median 
117 
852 
151 
- 812 
128 
564 
524 
558 
- 230 
748 
- 102 
- 150 
475 
- 323 
-
4 
10 
(Xl 
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SUPERTYPE 250 
DENSELY POPULATED/OUT- MIGRATION 
The four types within this major class have in common 
the twin features of high "out - migration" and low valu es on 
Rotated Factor I indicating relatively high population density . 
It is the variations in value on the other rotated factors 
that hav e provided the four distinctive types which are 
individually discussed below. Thi s , the largest supertype , 
contains all the amphoes in four smaller regions, Ubon-Sisaket 
( B), Rasi Salai - Amnat Charoen (C), Nakhon Phanom (D), and 
Nakhon Ratchisma (E). It also takes in, except for the western-
most amphoes, the Central Lowland Region. If this region is 
taken together with contiguous regions B and C, the northern 
and southern outlines of the three are almost exactly coincident 
with the supertype boundaries. ot so in the east and west 
however, where it is as if the supertype outline remained the 
same but has been shifted southeastwards along its WISE axis 
for a distance of several amphoes, creating the difference on 
these margins. On the Typal Model Map, the image of Region 
B appears little different in type from that of Region A, and 
a first reaction is to suspect the former of being artificially 
created. However, a closer look shows that the NE/SW trend 
of subregions 21 , 18 and 14 have in fact created a watershed 
for linking nearest neighbours, and this is verified in 
Figure 4 - 1 where a low yet effective divide is revealed. 
As stated earlier, all types within this group are 
characterically high in population density and "out - migration". 
Type 238 is additionally agriculturally developed and although 
very similar to Type 236 , differs because the latter ' s amphoes 
display "intensive land use" and are somewhat less developed. 
"Independence of agriculture" distinguishes Type 240 and it 
is noteworthy that regions D and E , which remained virgin 
clusters throughout the grouping procedure, are exactly delin -
eated by this type whilst surrounded by very · unlike types, 
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thereby vindicating to some extent the decision at that time 
not to force them into adjoining clusters. Type 227 is highly 
dependent on agriculture and also scores low on the intensive 
land u se factor. But for the inclusion of amphoe Loeng Nok 
Tha (01), this type corresponds with Region C, which while 
similar to nearby regions, was sufficiently distinctive to 
remain an individual region. 
SUPERTYPE 245 
INTENSIVE LAND USE/AGRICULTURALLY UNDERDEVELOPED 
Only two types make up this category, which displays 
high values on the "intensive land use" and "agricultural 
underdevelopment" factors . This signifies areas of small 
agricultural holdings, largely devoted to crops with little 
fallow land, and occupying a low proportion of the total area. 
It occurs mainly within the Eastern Hills Region, intermixed 
with Type 242 , but is also found in the centre and about the 
periphery of the Phetchabun Highlands. There is no large 
area exclusively composed of this supertype; the larges tis 
in the northern section of the Eastern Hills, where in com-
bination with Type 242 it demarcates that region from the 
adj acen tones . 
Differences between the two types in this class are 
largely of degree rather than direction. From a region building 
viewpoint, it may perhaps have been more satisfying to consider 
them only at the supertype level, as individually neither 
shows much areal cohesion and hence apparent pattern, but 
collectively this does improve. Nonetheless they differ 
significantly . Type 241 has the lowest score of any type on 
the "non-dependence on agriculture" factor whereas Type 237 is 
considerably less extreme on this factor ( although still in 
the low group ) but doesscore high in "underpopulation". Thus 
both are agriculturally underdeveloped with intensi v e land use, 
but 237 is densely populated and the population is not quite 
s o dependent on agriculture . 
SUPERTYPE 248 
UNDERPOPULATED/NON- DEPE DENT ON 
AGRICULTURE/UNDERDEVELOPED 
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This group is characterised by high average scores 
on the first three rotated factors which, assuming a correct 
interp r etation of these facto r s , appears to indicate the most 
promising dev elopable amphoes in Northeast Thailand. The 
Phetchabun Highlands Region is particularly well demarcated 
by this supertype which accounts for three - quarters of the 
amphoes in the region . (This of course should be remembered 
as being the region of lowest rainfall and the most rugged 
terrain ) . Some outlier amphoes in the Eastern Hills Region 
are also of this supertype , frequently associated with 
Supertype 245 . 
Although two types are included , one is only found 
in three amphoes, and not unexpectedly because of the 
consequent very large contribution made, Type 242 has virtually 
the same characteristics as the supertype . The smaller Type 
234 differs by having higher scores on "agricultural under -
de velopment" and "non - dependence on agriculture" and most 
importantly by a very high scores on the "intensive land 
use" factor . Indeed were it not for the latter factor and 
that the interest in this chapter is in types and not homo -
geneous regions therefore necessitating some recognition of 
the typal linkage tree, the two types could well have been 
treated as one . 
SUPERTYPE 249 
IN- MIGRATIO /AGRICULTURAL DEVELOPME T 
The most consistent elements here are the low values 
for "out - migration" and "agricultural underdevelopment" which 
are , perhaps liberally, interpreted as indicating in - migration 
and agricultu ral development . Assuming confidence in the 
identification of factors, this somewhat paradoxical label may 
b due to the influence of the hilly amphoes on the "agricu ltural 
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underdevelopment" factor making it extremely relative and it 
can be postulated that this supertype actually signifies the 
more underdeveloped of the non- hilly areas. In any event the 
close similarity between this supertype and both the net 
population gain amphoes and the population movement arrows 
shown on existing migration maps (Platenius 1963 , Chapman 1965 ) 
bear out the in - migration part of the label. 
On the map this super type appears as two distinct 
clusters, corresponding to a large degree with the Buriram and 
Udon Regions. The region and supertype perimeters are 
practically coincident , although some "noise" is noticeable 
where the regions abut the western end of the Central Lowland 
Region . It may be recalled that this area of the Central 
Lowland did not correspond well with Supertype 250 which 
dominates that region. From the Typal Model it appears to be 
so influe~ced by the pull of three adjacent, different , super -
types as to become a zone of transition. This same sector is 
also not clearly isolated on the regional model, not even by 
subregions, and the dissimilarity between the two models is 
likely caused by the different grouping techniques and may be 
more apparent than real. 
Type 243 is underpopulated with a significant 
dependence on agriculture - a combination contrasting it 
with other types both within and outside the supertype. It 
is preponderant in the Burirarn Region in association with 
Type 235, which however differs from it by being non - dependent 
on agriculture , neutral on the population factor and with non -
intensi v e land use . In fact within the Burirarn Region, the 
latter type occurs as a strip of amphoes straddling the railway 
which position would also contribute to the high score for 
"non- dependence on agriculture" . Type 239 is also one of 
" non- dependence on agricultu re" and additionally , "intensiv e 
land use" , and shows a concentration in the Udon Region along 
with som Type 243 amphoes . The most e v ident diffe r ence between 
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the Udon and Buriram Regions is that Type 239 is dominant in 
the former but absent in the latter, thus verifying the 
differences suggested ln the previous chapter. 
CONCLUSION 
Although the grouping procedure was less coarse than 
that used for obtaining regions, the measure of similarity was 
the s ame, and it can be argued that it is mainly the effect of 
the contiguity restraint that was investigated . Be that as it 
may, from the discussion and descriptionof the types and super-
types and their comparison with the regions, there appears to 
be rather more than less re semblance between them. Indeed, 
short of a statistical analysis, the unique presence of a type 
or supertype within and throughout almost each region, and the 
high frequency of coincidence between regional and typal 
boundaries, is offered as s ummary support to the thesis that 
each region contains an identifiable type or combination of 
types which differentiate it from neighbouring regions. 
Supertype 250 
Type 238 
Type 236 
Type 240 
Type 227 
Supertype 245 
Type 241 
Type 237 
Supertype 248 
Type 242 
Type 234 
Supertype 249 
Type 243 
Type 239 
Type 235 
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TABLE 5 - 2 
TYPE IDENTIFICATION KEY 
Densely populated/Out - migration 
Agriculturally developed 
Intensive land use 
Non - dependent on agriculture 
Dependent on agriculture/Non- intensive land use 
Intensive land use /Agriculturally developed 
Non - dependent on agriculture 
Underpopulated 
Underpopulated/Non- dependent on agriculture 
Agriculturally underdeveloped 
As for supertype 
Intensive land use 
In - migration /Agriculturally developed 
Underpopulated/Dependent on agriculture 
Non - dependent on agriculture/Intensive land use 
on - dependent on agriculture/Non- intensive land 
u se 
\ 
CHAPTER 6 
CONCLUDING DISCUSSION 
"At each stage of development, different 
regional delimitations will be the most 
convenient and efficient for purposes of 
planning ••• • • No one set of regions is 
ever completely satisfactory. Each problem 
must be analysed in its own terms". 
(Friedmann, 1964 p.497 ) 
"'We cannot say too often that there are 
distinct types of regions, each with a 
specific purpose, as a consequence of which, 
the same region cannot serve for all purp -
oses . A planning region is distinct from 
other regions, geographical or administrative. 
There are also different types of planning 
regions". 
(Learmonth and Bhat , 1961 p . 288 ) 
LOGICAL DIVISION 
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The regional model and the typal model presented in 
the preceding chapters are both synthetic in that they are a 
result of building up from 127 individual areal units, to less 
than a dozen regions or types, thereby effecting an economy in 
description and an ease of handling albeit at the expense of 
some loss in detail . To test those models for inbuilt weak -
nesses, either assumpti v e or methodological , the analytical 
procedure of logical di v ision will be used to break down 
ortheast Thailand into components of a regional system based 
on groups of amphoes . This is termed "analytical regional -
isation" by Grigg (1965 p . 473 ) and is a different process from 
the pre viously used synthetic regionalisation . Grigg continues : 
"Hartshorne concluded that the two processes 
are complementary and not mu tually -exclusiv e . 
This is, of course, a statement that most 
formal logicians would agree with, for the two 
methods of regionalisation appear to correspond 
to the two methods of grouping objects, class -
ification ( synthetic regionalisation ) and 
logical division (analytical regionalisation ) ". 
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As the two previous models can be considered complementary to 
each other, the analytical model can be considered complementary 
to both and a trio of complementary models of Northeast Thailand 
will result. To facilitate comparison and verification of the 
previous models, the results of the factor analysis are used 
again, which will perhaps perpetuate any errors contained 
within that step , especially concerning the identification of 
the factors, but any mis-identification will mainly affect 
the interpretation of regional or typal boundaries rather 
than their location. 
Beginning with a simple dichotomisation of amphoes 
on the basis of whether a factor score is above or below zero 
the logical division can be portrayed in the form of a branch-
ing tree diagram as in Figure 6-1. Each amphoe is located by 
tracing down the branches of the tree, one branch order for 
each facto r dichotomy, which with five factors results in a 
final polychotomony of 32 possible combinations or groups 
ranging f rom above zero or high on all five factors to below 
zero or low on all five. That is HHHHH, HHHHL •••• LLLLH, 
LLLLL . 
Grigg (1965) derived ten principles of classification 
from works of logic and taxonomy and examined these from a 
viewpoin t of constructing regional systems fo r geographic 
purposes . With the exception of the ninth principle, all 
have been adhered to in this case. The ninth principle states 
that: 
"Properties which are used to di v ide or 
classify in the higher categories must 
be more important for the purpose - of the 
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division than those used in the lower 
categories". 
(Grigg 1965 p.481 ) 
When a continuous scale is required, the order of importance 
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of the dividing properties is important. However , if the tree 
diagram is only to be used as a means of locating an individual 
in the final level of classes, or to observe the genetic 
difference between individuals, the relative order of the 
dividing properties in the hierarchy i s unimportant. Further-
more it has already been stated that because of their structural 
orthogonality and independence, all rotated factors are assumed 
of equal importance, thereby reducing the risk of false 
accentuation of a factor due to overlap or duplication amongst 
the injected variables. The main purpose of this figure is to 
assist in interpretating the Venn diagrams to follow and for 
con venience the rotated factors are structured in numerical 
order . Because of an evident negative correlation with the 
other factors, the high and low branchings on R.F . IV have 
been transposed; and in general population pressure tends to 
increase from left to right in the diagram . 
Despite its comparative crudeness from a quantitative 
standpoi t, a model based on factor dichotomies is useful for 
indicating basic differences between amphoes which may be 
obscured by regional and typal classifications . To portray 
this, a five set Venn diagram was prepared along the lines of 
a design used by Jones and Goldsmith (1968 p . 99 ). The set 
numbers correspond to the rotated factors and an amphoe is 
included within a set only if it scores above zero on that 
factor . The resultant polychotomous model (Figure 6 - 2 ) 
represents a five - dimensional perspective on the amphoes ln 
Northeast Thailand . . Initial confusion from the maze of lines 
may be alleviated by reference to Figu re 6 - 1 and some selected 
examples: 
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Roman numerals r efer t o factors . All amphoes with a positive value 
are included in that factor set. 
1. "Underpopulation" 
II . "Agricultural Underdevelopment " 
III. "Non- dependence on Agriculture" 
IV . "out-Migrationll 
V. IIIntensive Land Use ll 
109. 
i) Bl occurs in sets, I, II and III and is 
therefore, in comparative terms, an amphoe 
of underpopulation, agricultural under-
development, and non-dependence on 
agriculture. 
ii ) Dl lies in subset I - II - III -V and is an amphoe 
of underpopulation, agricultural under-
development, non - dependence on agriculture, 
and out - migration. 
iii) 
iv) 
A2 is in subset I and is underpopulated. 
Al is in subset IV-V which identifies it 
as an amphoe of out-migration and 
intensive land use. 
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A zone of conflict can be identified in the overlap created. by 
sets I and IV. Amphoes within this zone are underpopulated 
yet are also areas of out-migration. In addition most of 
these are classified as agriculturally underdeveloped. This 
suggests a problem area which is not revealed on the typal 
or regional models. 
In Figure 6-3 the amphoes have been re - ordered within 
the sub sets to facilitate grouping by regions and to enable a 
comparison of this model with the regional model (Map 4). The 
amphoes are colored according to their colors on the regional 
model. In all regions the individuals tend to cluster 
significantly although several orphan amphoes stand out. These 
orphans require f urther examination to determine if their 
position reflects a weakness in the regionalisation procedure 
based on nearest contiguous neighbours or whether it is due 
to the generality of this model. For example amphoe P5 in 
s ubset I-II-V appears considerably removed from its region. 
Its contiguous neighbours ( P4, P6, P8 and D2 ) all are in 
distant s ub sets , and it differs from its nearest similar 
neighbour D2 by being included in sets I and II . A check 
on the rotated fact or values in Appendix C shows that 
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P5 has v ery low positive scores on R.F. I and R. F . II, and D2 
has low negative scores which although close to each other , 
because of the arbitrary distinction between positive and 
negati v e values in this model, they are contained in different 
s ubsets . Similarly other amphoes separated from the bulk of 
their regional affiliates can be examined . The internal 
homogeneity of other regions, Region C for example , is 
displayed as is the cohesion of the three small region s D, E 
and G and the isolation of each from contiguous regions , which 
tends to s upport the earlier decision to retain them as 
separate regions despite their small size . In the previous 
chapter a s uggestion was made from the typal model that the 
separation of Region B and Region C was perhaps artificial 
and due to a "watershed" at their common boundary. The 
hypothesis of an artificial separation is endorsed by the 
polychotomous model which shows little difference between the 
majority of amphoes in these two regions . A further advantage 
of Figure 6 - 3 is that it emphasises the unifying dimensions of 
the regions. For example Region I is largely a region of under -
population , agricultural underdevelopment and non- dependence on 
agriculture, which agrees with the description in Chapter 4, 
but does illustrate the consistency of these factors . 
In Figure 6 - 4, the amphoes are arranged within the 
s ubsets to assist a grouping into types. Many of the points 
made in discussing the previous figure apply equally here, and 
as would be expected with the contiguity constraint lifted , a 
clearer picture emerges with less "noise", which allows the 
types to be identified more readily . Out standing is the 
demarcation of Supertype 250 by the sets of out -migration and 
underpopulation. The variable nature of Supertype 249 is well 
illustrated by the general scatter of its constituent types , 
especially Type 239 . 
F4 
F7 
K5 
K7 
A 0 
:B D 
C 0 
Figur e 6-3 
POLYCHOTOMOUS MODEL AND REGIONS 
P3 
K8 
N1 
N2 
01 
A7 N7 
H1 N8 
02 
017 
018 
P2 
P7 
A1 
C2 F6 
C3 K3 
:F1 ·K4 
F2 K6 
F3 &:9 
pentral 
Lowland 
2 
3 
4 
6 
8 
C4 
D3 . 
D6 
F5 
VOon-Sisaket 
~asi Salai-
Amnat Charoen 
B1 
B8 
H7 B9 
H12 E3 
E5 
H3 
H13 
H1 5 
K2 J3 
H2 
N4" 
REGIO S 
D Nakhon 
Phanom 
E D akhon 
Ratchisima 
F D Buriram 
G 0 ~ong Khai 
11 2 . 
D1 
E1 132 
E2 B7 
E4 P1 
J1 P5 
91 
G1 c5 
G G7 
M J5 
M7 
---
L4 r--
L5 '1 
011) 
H D ydon 
J D .Phet chabUlh 
Highland 
K D ~ast ern 
Hills 
113. 
Figure 6-4 
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An advantage of the polychotomous model is it s 
capability to accommodate additional factors and to delete 
included ones without requiring the recalculation of similarity 
measures as is necessary with the typal and regional models . 
Factors that lend themselves to dichotomisation either by 
quantification or value judgement , can be inserted . Possibil -
ities that corne to mind in Northeast Thailand include physical 
measures ( fertile or infertile soil s ), economic measures ( high 
or low amphoe income levels ) , and social measure-s (hospi tal 
services abo v e or below a certain level ) , all of which are 
factors that would have enhanced the models had information 
been a vailable . The resul ts of a further breakdown on this 
model could then be evaluated in relation to the regional and 
typal models, resulting perhaps in additional underlying 
relationships being uncovered. Balanced against this virtue 
of lI open - endedness ll is the degree of generality created by such 
a broad principle of differentiation as being above or below 
a certain level . 
The creation of the polychotomous model was origin-
ally designed to verify the lIrightness ll of the types and 
regions previously established. To what extent any agreement 
can be attributed to the use of the same measures , and any 
lack of agreement attributed to the difference in procedures is 
difficult to establish in quantitative terms . However the 
general degree of compactness of amphoes on the model and the 
fact that isolated amphoes can be rationalised, suggests that 
o ver - all, and within the rules of the procedures , the results 
are satisfactory and lIrightness ll is proven . Perhaps more 
important however, is that the polychotomous model , generalised 
though it may be , can exist and supply inf ormation on its own 
and therefore may have a role in conj unction with the other 
two models in assisting planning processes for de v elopmental 
strategies . 
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APPLICATION 
The point has now been reached where the potential 
utility and application of the maps and models to developmental 
programmes in Northeast Thailand can be considered. The 
intention is not to provide a complete guide to development 
strategy in this area because not only has this been covered 
before ( e . g . Platenius 1963, Muscat 1966) but also the task 
requires considerably more training, ability and information 
than is available for this study . Consequently only the much 
less ambitious task of contributing to an initial step in the 
planning process - the delineation of regions - will be 
considered. 
Regions are frequently categorised into three types _ 
homogeneous or formal regions, nodal or functional regions and 
resource regions. The lack of adequate detailed information 
precludes the last two types and thus only homogeneous regions 
are considered here. The maps and models presented in earlier 
chapters are conceived as an integrated tool to be used in 
defining regions within ortheast Thailand - the choice of map 
or model or any combination will be dependent on the purpose 
for which the region is designed. The case for regions ln 
planning development programmes has been well argued by 
geographers - especially those from India and the East European 
countries and is partially summarised by Stohr (1969) who 
argues that a principal justification of regions is for decision 
making and co - ordination purposes and a further requirement of 
planning is that a flexibility of regional delimitations must 
be preserved . He identified fi v e categories of regions for 
dev elopment . 
( a ) Information Units which are essentially statist -
ical areas f or the collection and initial analysis 
of data . The main criteria for these are that 
they should be small in size and large in number, 
be capable of aggregation , hav e boundaries that 
will not change in time and be a basic unit f or 
a census. Ideally these should be the lowest 
unit for which adequate information is avail -
able but in practice are more likely to be 
the result of a compromi se between the s mallest 
unit that sufficient information i s available 
for , the means of manipulating the information, 
and the ultimate amou nt of detail required. 
This problem has already been discussed in 
Chapter I, where the resultant compromise was 
to use amphoes as the basic statistical unit 
of information. This is not to say that the 
information units are confined in use to the 
initial phase of any investigation, for they 
should remain throughout as a unit of discussion 
and comparison in analysing larger aggregations 
and in considering sectoral aspects. In this 
way individual amphoes have been repeatedly 
referred to in discussions of the various models. 
(b) Sectoral Administrative Areas are the result of 
the total area under consideration being divided 
into regions for the implementation of a sector 
program . The actual boundaries will depend 
largely on the specificity of the sector as 
would the choice of maps or models to be used, 
but generally they are drawn primarily from a 
standpoint of convenience to the administration 
of the program. Especially if the sector program 
is broad , the regional model might be a suitable 
guide for defining regions because of its 
generalised nature and the contiguity of amphoes . 
On the other hand a set of regions based on a 
wide range in types may be deri v ed more readily 
from the typal model or perhaps the polychotomous 
model . 
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(b) 
a census. Ideally these should be the lowest 
unit for which adequate information is avail-
able but in practice are more likely to be 
the result of a compromise between the smallest 
unit that sufficient information is available 
for, the means of manipulating the information, 
and the ultimate amount of detail required. 
This problem has already been discussed in 
Chapter I, where the resultant compromise was 
to use amphoes as the basic statistical unit 
of information. This is not to say that the 
information units are confined in use to the 
initial phase of any investigation, for they 
should remain throughout as a unit of discussion 
and comparison in analysing larger aggregations 
and in considering secto ral aspects. In this 
way individual amphoes have been repeatedly 
referred to in discussions of the various models. 
Sectoral Administrative Areas are the result of 
the total area under consideration being divided 
into region s for the implementation of a sector 
program. The actual boundaries will depend 
largely on the specificity of the sector as 
would the choice of maps or models to be used, 
but generally they are drawn primarily f rom a 
standpoint of convenience to the administration 
of the program. Especially if the sector program 
is broad, the regional model mi ght be a suitable 
guide for defining regions because of its 
generalised nature and the contiguity of amphoes. 
On the other hand a set of regions based on a 
wide range in types may be derived more readily 
fr om the typal model or perhaps the polychotomous 
model. 
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( c ) Sectoral , Single Function , Program Areas locate 
areas requiring similar sector programs and are 
more of a tool for policy- making than administration. 
These are more problem- oriented and thus differ 
conceptually from ( b ) above by not necessarily 
co vering the whole of a territory , and by being 
based more on internal homogeneity . The type 
of sector under consideration will largely 
determine the guide to regions that will be most 
suitable, but conceivably the individual choro -
pleth maps with their breakdown into six classes 
would be useful for the more exact sectors and 
the typal and polychotomous models for a broad 
I 
I sector . 
j 
I 
( d ) Multi - function Program Areas are used for programs 
primarily concerned with an integrated approach 
to dev elopment in specific areas. "Historically 
such programs have in most countries rep r esented 
the first stage of comprehensive regional 
dev elopment, prior to the introduction of a 
national policy for regional development" ( Stohr 
1969 p . 88 ) • In the context of Northeast Thailand 
the most important use of multi - function program 
areas would be to establish regions wherein 
integrated programs could be carried out . For 
this the regional model is recommended because 
of the internal homogeneity and the contiguous 
aggregation process that formed the regions . The 
extent to which each generalised sector within an 
integrated program would be emphasised in different 
regions could be obtained from the value scores for 
that region on the rotated factors . 
( e ) Regions for Integrated De v elopment are based on 
nodal regions and their composition - is complementary 
rather than homogeneous . They are us u ally formed 
_ l 
..... 
at the multi - national level (e.g. Mekong River 
Scheme ), the national level (country five year 
plans ), and the immediate sub - national level. 
Northeas t Thailand a s a whole can be considered 
a region for integrated development. In thi s 
case the maps and models serve no function in 
defining the region but are of use as a f orm, 
incomplete though it may b e , of regional 
inventory or at leas t a base o n which to build 
a regional inventory. 
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From the foregoing discus s ion it is apparent that the 
maps and models can be used in several ways for several 
different types of regions. In some cases this use is direct 
and an individual model or map is of immediate use in its 
present form . In other cases an integration of maps and 
models is required for defining regions or for the provision 
of a data base. 
If add itional data on commodity flows between arnphoes 
or between the larger centres were available, it would be of 
value to develop functional regions and compare these with the 
homogeneous regions or types presented in the models. Had time 
permitted, it would hav e been interesting to attempt a delineation 
of military geographic regions, by relating the incidence of 
insurgent activity to either the models or selected character-
istics from the choropleth map s . Regions so defined may have 
some applicability in current government efforts to counter 
insurgency in Northeast Thailand. Finally, by applying some of 
the methods used here to other countries such as Cambodia or 
Burma, and comparing the results, some additional insight into 
similarities and differences in the geography of Southeast Asia 
may be revealed . 
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APPENDIX A 
NOTES ON RAINFALL IN NORTHEAST THAILAND 
The difficulties of obtaining reliable and continuous 
rainfall data in Thailand hav e been well discussed by Sternstein 
( 1962 ) who s ummarises (p . 6 ) "Rainfall data from agencies other 
than the Royal Thai Meteor ological Department and from the 
Department ' s auxil i ary stations are discontinuous: data from 
the Royal Thai Meteorological Department' s forty - eight synoptic 
stations •••• are not suspect but somewhat discontinuous". 
Thus for reasons of reliability and continuity Sternstein felt 
constrained to use an "only period" of 10 years covering the 
interval 1951 - 1960 and further cautions (p.22 ) that "the 
possible abnormality of this short period must temper all 
conclusions" . In the footnote to this he adds , "a comparison 
b etween data for the period 1951 - 60 and 1941 - 50 , for synoptic 
stations (for the whole country ) having continuous records for 
twenty - year intervals reveals a definite consistency" . As an 
example of the problems, Table A- 1 has been prepared showing 
variations in a v erage annual rainfall from different documents 
co v ering differing periods. With the exception of two 
obv iously suspect values - Bureau of Reclamation (1965 ) value for 
Udon Thani and R. T . M.D. (1963 ) value for Sakhon Nakhon - most 
of the differences are less than 10 per cent and some of these 
are due to different periods. Values obtained in this study 
for the 1948 - 1962 period are all higher than those for the 
1951 - 1960 period largely because the extra years generally had 
higher than a v erage rainfall - in some cases considerably so. 
To obtain as long a comparable period as practicable, 
a 15 year interval from 1948 - 1962 was used in Table A- 2 . 
Annual, monthly and weekly meteorological reports from the 
Royal Thai Meteorological Department were searched to compile 
the data . A less cau tious approach then Sternstein ' s was 
u sed in this table involv ing several somewhat- ar b i trary decisions 
COMPARISON OF 
App(tndix 'A' 
FIC A' 
ANNUAL RAINFALL MA PS 
( 0) FROM R. T. M. D. MAP 
( b ) FROM STERNSTEIN 
0 800 -1000 mm 
D 1000 -1200 mm 
D 1200 -1400 mm 
D 1400 -1600 mm 
D \600 - 2(X)() mm 
D 2000 - 2400 mm 
D 2400 - 2800 mm 
(196~ ) 
D tooo - 1200 mm 
D 1200 - 1400 mm 
D l400 - 1600 mm 
I~ 1600 - 2CXJO mm 
D 2()(l) - 2400 mm 
(1963) 
0 , 1020 - 1400 mm 
D 1400 - 1780 mm 
D 1780 - 2160 mm 
o 2160 - 2540 mm 
c .. ) FROM BARTON (196.2) 
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to replace mis s ing data. Thi s involved ins erting data from 
other sources, adju s ting figures cons idered overwhelmingly 
improbable and interpolating occas ional mi ss ing data and 
was considered justifiable to obtain a longer period, which 
would also help to temper any errant interpolations . 
Annual rainfall maps of the region are available 
maps of the whole of Thailand. Three are reconstructed in 
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ln 
Figure A- I. The map prepared by t he Royal Thai Meteorological 
Department (R.T.M.D. 1964a) contain s s ome i s ohyet s s ufficiently 
conv oluted as to sugges t an appearance of authority. In 
comparing it with a s econd map prepared by the s ame source 
(R. T.M . D. 1964b ) , which delineates climatic type s and contains 
selected rainfall histograms , one notices in s everal cas e s the 
purported annual station value is not in agreement with the 
isohyets of the first map. Both maps s tate the period 1931-1960 
was used for data. Sternstein (1962) uses 11 stations in the 
northeast, and openly cautions (p.23), "all isohyetal maps 
(and other iso - line maps) presented ln this report are extreme-
ly generali s ed and must be accepted with considerable reserve." 
Similarly Barton (1962 p.118) using 15 s tations and drawing 
a choropleth type of rainfall map, inter alia qualifies his 
results by referring to, "the limitations of unskilled 
collectors, a 20 year period, a limited number of stations and ••• 
the technique of generalising that an entire area of a province 
receives the s ame amount of rainfall as reported at one station", 
but later on (p.118) concludes that " •• I believe the data and 
the generalisations based thereon represent the most reliable 
information which can be obtained at this writing". 
A rainfall map appears in Dobby (1958 p.266 ) which, 
if one interprets an obvious error in the legend, correctly 
indicates that the extreme northwest receives over 3000 m.m. 
per year (1 20 inches ) which is at variance with most maps and 
data . It is of interest to note that the text by Pendleton 
(1 962 ), which is possibly the most comprehe~sive English 
TABLE A- 1 
MEAN ANNUAL RAINFALL FROM DIFFERENT DOCUMENTS AND PERIODS (M . M. ) 
H10 D6 P6 N4 012 K2 G8 
Source Period Nakhon Khon Udon Surin Ubon Roi Et Mukdahan 
Ratchisima Kaen Thani Ratchathani 
Bureau of Reclamation (1956) Unstated 1185 1376 1660 1429 
Royal Thai Met. Dept.(1963) 1932- 1952(1) 1147 1208 1447 1373 1590 1447 1457 
Royal Thai Met. Dept.(1964c) 1951 - 1960(2) 1239 1186 1446 1277 1464 1342 1439 
Bureau of Reclamation (1965) 1908- 1960(3) 1166 1271 1202 1319 1515 1385 1524 
Sternstein (1962) 1951 - 1960 1243 1186 1468 1294 1466 1345 1449 
Doyle (this work ) 1948 - 1962 1216 1245 1506 1352 1597 1447 1517 
(1) Includes some missing years 
(2) Station names have been wrongly placed over data in original 
(3) Information supplied by Royal Irrigration Department and some records have missing years 
L5 
Sakon 
Nakhon 
2340 
1349 
1357 
1359 
1443 
G4 
Nakhon 
Phanom 
2161 
2189 
2146 
2213 
2121 
2286 
...... 
(\) 
...... 
TABLE A- 2 
RAINFALL VARIABILITY AND PROBABILITY DATA 
Map Station Years Elevation Mean Mean Standard Relative % Probabilit~ of rainfall more than Identity Record Metres mm Deviation Deviation Variability % 1000mm 1200mm 1400mm 1448mm 1600mm 
B 6 Chaiyaphum 14 180 1083 192 256 17.7 63 33 10 8 2 
H10 Nakhon Ratchisima 15 180 1216 115 141 9.5 94 46 10 6 1 
D 6 Khon Kaen 15 150 1245 154 204 12.4 89 40 22 16 4 
E 3 Loei 14 250 1270 187 220 14.7 89 38 27 21 7 
F 5 Mahas arakam 14 150 1325 208 279 15.7 88 68 39 33 16 
N 4 Surin 15 140 1352 115 146 8.5 99 85 37 26 4 
A 4 Buriram 15 150 1382 156 195 11.3 98 82 46 37 13 
C 4 Kalasin 15 140 1392 210 271 15.1 93 76 51 42 22 
L 5 Sakon Nakhon 15 160 1443 209 251 14.5 96 84 57 49 27 
K 2 Roi Et 15 140 1447 200 230 13.8 97 86 58 50 26 
M 3 Sisaket 14 ' 130 1481 205 249 13.8 97 87 63 55 31 
P 6 Udon Thani 15 180 1506 144 182 9.6 99.7 95 73 63 40 
G 8 Mukdahan 15 140 1517 206 282 13.6 97 87 66 60 40 
012 Ubon Ratchathani 15 120 1597 243 288 15.2 98 92 75 70 50 
J 3 Nong Khai 15 1697 170 247 10.0 99.8 98 89 84 65 
G 4 Nakhon Phanom 15 140 2286 248 335 10.9 99.9 99 . 9 99.5 99 98 
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language geography book on Thailand, does not include an annual 
rainfall map, but relies on the monthly rainfall maps previously 
p u blished in 1951 ( Brown et al 1951 ). 
Map 4 in this work shows some interesting departures 
from the maps in Figure A- 1 . In the southeast corner is an 
a r ea classified as o ver 1600 m. m. per year . This is suggested 
by fi v e stations with records from 28 to 48 years ( gaps and 
unreliable years were not denoted ) and the sector appears 
considerably larger in extent than is shown on Figure A- 1a 
althou gh perhaps fortuitously it shows up in Figure A- 1c . It 
is concei vable that orographic uplift caused by the proximity 
of the Annam Cordillera, supplements the existing rainfall factors. 
Pakse , Laos, ( some 30 miles east of the border along the fifteenth 
parallel ) has an annual precipitation of 2163 m.m. (Bureau of 
Reclamation 1956 ) . 
Again in the central section of the southern border , 
station values on Map 4 suggest that the 1200 and 1400 m. m. 
isohyets approach the Dangrek Range broadside rather than loop -
ing to parallel the range as in Figure A- 1a and A- lb . While 
there is a tendency for rainfall to increase towards the range 
as intimated by Figure A- 1b, no station west of M7 r eaches 
abo v e 1400 m. m. and most of the "H" amphoes receive less than 
1200 m.m . The northwest corner is an area of low confidence 
( or more correctly , lower than elsewhere ) , and this is 
complicated by mountainous terrain and few stations . Overall 
Map 4 agrees in trend with Figure A- 1a and A- 1b in the northern 
half but departs importantly, and one feels justifiably , in the 
south . The restrictions imposed by Barton ' s technique of 
classifying changwats from a single station value , and his 
broad group ranges, makes any comparison of doubtful usefulness . 
Of particular dubiety are the high values he assigned to chang -
wats Sakon Nakhon and Nakhon Phanom ( changwats "L " and "G" 
respecti v ely on Map 4 ). The former ' s synoptic station has 
v alues in the 1350- 1450 m. m. group ( with one obviously wrong 
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value ) ln Table A- 2 and the latter' s southern amphoes receive 
less than 1600 m. m. - a far cry f rom a minimum of 2160 m. m. t 
Rainfall Variab ility 
In the early days of this study , (prior to citing 
Sternstein ' s ( 1962 ) document ) and benefiting f rom his experiences 
and thorough investigations , the writer attempted to draw 
r ainfall variability and probability maps of the region. The 
initial task was to accumulate data, and the problems involved 
in this have been mentioned above. onethe less , calculations 
were made on data from 16 stations for periods of 14 or 15 
year s and the results are set out in Table A- 2 . When the 
relative variabilities were plotted on a map, the combined 
effects of a short period and a wide areal dispersion of too 
few stations , made attempts at isolines so arbitrary as to be 
inconclusive at least , and misleading at worst . The table 
shows that annual relative variability is about 10 to 15% over 
the region, with no particular bias toward location or annual 
total . It is likely that variability is strongly influenced 
locally by thunderstorms and typhoon created activity , and the 
duration of the 'rainy season , which factors are not sufficiently 
documented to continue furthe r study . 
Bearing in mind the questionable nature of the 
variability result s , the date fo r probabilities are presented 
to illustrate the variations over the region . The column , 
"probability of receiving 1448 m. m.", was inserted because 
of a generalisation by Barton (1962 ). By taking the mean of 
15 stations he calculated the a verage annual rainfall for the 
region to be 57 inches ( = 1448 m.m.). Without commenting 
on the correctness of his method , Table A- 2 shows that about 
half the stati ons indeed hav e an e ven chance of achiev ing this 
value , but extrapolation from Map 4 s uggests that somewhat less 
than half the area would be included . 
_ .l 
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APPENDIX B 
RICE YIELD DATA 
(Actual and Eredicted from Re~ression Analysis ) 
I Kilograms per Rai 
AmEhoe Actual Predicted Residual Value Value 
Changwat Buriram 
A 4 146 157 
- 11 A 5 120 139 
- 19 A 6 128 185 
- 57 A 7 97 105 8 A 8 70 134 
- 64 A 1 176 105 71 A 3 168 151 17 A 2 178 162 16 
Changwat Chaiyaphum 
B 6 205 
B 5 210 
B 2 204 
B 8 237 
B 9 231 
B 3 175 
B 7 248 
B 4 268 
B 1 281 
Changwat Kalasin 
C 4 191 174 17 
I 
C 3 127 117 10 C 5 228 248 
- 20 C 2 190 178 12 
! C 1 236 223 13 
ChanS1wat Khon Kaen 
~ 
187 I D 6 D 9 172 
D 1 230 I D 4 190 
! 
D 5 187 
D 8 157 I D 2 152 D 7 199 
i 
D 3 224 
i Chan~wat Loei 
I E 3 440 455 
- 15 
E 1 580 459 121 
E 4 495 540 
- 45 
E 2 403 432 
- 29 
E 5 411 378 33 
Chan~wat Maha Sarakham 
F 5 186 
F 2 157 
F 3 139 
J 
127. 
Changwat Maha Sarakham (Contd. ) 
F 4 120 
F 7 75 
F 6 112 
F 1 190 
Changwat Nakhon Phanom 
G 4 216 189 27 
G 3 217 204 13 
G 1 219 239 
- 20 
G 5 201 203 2 
G 6 214 258 
- 44 
G 8 223 244 
- 21 
G 7 297 281 16 
G 2 183 201 
- 19 
Changwat Nakhon Ratchisima 
H10 146 
H 5 178 
H 2 122 
H 1 173 
H15 360 
H11 195 
H1 4 192 
H 3 225 
H 4 189 
H13 226 
H 6 183 
H 9 153 
H 7 223 
H1 2 152 
H 8 254 
Changwat Nong Khai 
J 3 201 168 33 
J 2 249 195 54 
J 1 300 281 19 
J 4 235 229 6 
J 5 247 223 24 
J 6 266 241 25 
Changwat Roi Et 
K 2 128 141 
- 13 
K 7 124 100 24 
K 6 151 137 14 
K 3 78 131 
- 53 
K 9 83 96 - 13 
K 1 209 182 27 
K 4 1 38 145 7 
K 8 98 123 - 25 
K 5 101 97 4 
Changwat Sakon Nakhon 
L 5 209 223 - 14 
L 4 197 217 - 20 
L 1 197 194 3 
L 3 223 229 6 
L 2 186 215 - 29 
-
_ l 
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Changwat Sisaket 
M 3 118 146 
- 28 M 4 139 195 
- 56 M 7 195 235 
- 40 M 5 141 1 59 
- 18 M 1 88 114 
- 26 M 2 116 150 
- 34 M 6 252 246 6 
Changwat Surin 
N 4 149 129 20 N 1 1 29 76 53 N 2 183 179 4 N 7 125 1 5 9 
- 34 N 3 127 144 
- 17 N 5 161 142 19 
! 
N 8 174 116 58 6 150 157 7 
Chan~wat Ubon Ratchathani 
012 96 120 
- 24 013 80 97 
- 17 o 1 139 141 2 016 1 5 1 167 
- 16 014 96 119 
- 23 010 122 79 43 o 8 187 216 
- 29 o 3 183 209 
- 26 o 4 142 129 13 017 159 172 
- 13 018 107 133 
- 26 
o 7 170 144 26 
o 6 190 163 27 
011 97 92 5 
o 9 102 60 42 
o 2 171 189 
- 18 
o 5 132 145 
- 13 01 5 107 103 4 
Chan~wat Udon Thani 
p 6 237 255 
- 18 p 8 242 208 34 p 7 2 16 226 
- 10 p 3 190 177 13 p 4 286 285 1 p 5 21 1 217 6 
p 1 329 269 60 
p 2 191 193 2 
-
_ _ __ 1 
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APPENDIX C 
ROTATED FACTOR SCORES 
R. F . I "Underpopulation" 
R. F . II "Agricultural Underdevelopment" 
R. F . III "Non - Dependence on Agriculture" 
R. F. I V "Out - Migration" 
R. F . V "Intens i v e Land Use" 
AmEhoe R. F . I R.F. II R.F . III R.F . IV R. F. V 
Changwat Buriram 
A 4 - 352 - 474 155 - 669 - 164 
A 5 - 245 - 604 137 - 726 - 296 
A 6 498 - 979 - 417 - 246 - 343 
A 7 273 - 730 - 126 - 249 - 386 
A 8 532 472 - 315 325 - 140 
A 1 - 418 - 288 - 236 119 326 
A 3 - 137 - 875 361 - 188 - 323 
A 2 170 - 215 - 140 - 180 - 338 
Changwat ChaiyaEhum 
B 6 - 194 - 589 183 - 495 489 
B 5 - 248 - 255 120 
- 195 100 
B 2 978 245 - 171 - 386 629 
B 8 270 189 345 - 165 - 231 
B 9 954 349 107 - 389 - 573 
B 3 - 292 186 - 351 - 304 123 
B 7 362 437 - 322 - 110 524 
B 4 264 - 125 - 554 - 561 - 516 
B 1 900 629 329 - 400 - 688 
Changwat Kalasin 
C 4 - 976 - 330 799 322 267 
C 3 - 717 - 337 - 188 320 248 
C 5 325 170 - 517 - 138 890 
C 2 - 483 - 217 - 211 102 944 
C 1 31 1 143 - 120 - 178 107 
Changwat Khon Kaen 
D 6 - 457 - 146 295 399 900 
D 9 - 454 - 304 133 - 304 - 661 
D 1 431 456 881 - 382 923 
D 4 - 506 109 704 - 926 103 
D 5 - 495 - 135 - 170 - 183 651 
D 8 - 215 - 256 114 - 138 601 
D 2 - 335 - 295 - 113 - 100 703 
D 7 - 487 124 - 801 369 714 
D 3 - 417 - 271 235 407 249 
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Chan~wat Loei 
E 3 624 149 337 - 381 
- 502 
E 1 829 158 203 - 518 150 
E 4 728 189 268 
- 400 117 
E 2 555 163 443 - 283 584 
E 5 759 863 704 
- 387 - 334 
Changwat Maha Sarakham 
F 5 - 689 - 192 11 7 220 117 
F 2 - 467 - 31 5 - 172 717 753 
F 3 - 776 - 275 - 102 283 126 
F 4 - 528 - 623 - 147 666 - 228 
F 7 - 585 - 635 - 255 231 
- 556 
F 6 - 723 - 327 - 247 211 893 
F 1 - 689 - 265 - 102 194 139 
Changwat Nakhon Phanom 
G 4 - 640 543 160 299 155 
G 3 832 669 - 255 227 984 
G 1 580 738 148 
- 189 136 
G 5 - 641 345 771 275 118 
G 6 964 747 - 198 103 150 
G 8 435 600 664 - 156 114 
G 7 226 837 - 883 - 134 164 
G 2 - 434 261 
- 705 192 574 
Changwat akhon Ratchisima 
H1 0 - 304 293 112 508 - 133 
H 5 
- 199 - 189 554 969 - 276 
H 2 
- 633 - 616 629 422 190 
H 1 245 - 365 - 485 - 191 - 171 
HIS 719 711 866 - 366 - 810 
H11 262 - 688 986 - 732 - 348 
H14 302 158 387 113 - 102 
H 3 490 142 633 - 168 - 284 
H 4 322 243 173 207 - 229 
H13 577 577 137 - 187 - 272 
H 6 - 106 - 540 146 - 164 - 231 
H 9 - 785 217 144 213 - 165 
H 7 502 - 470 497 - 329 - 381 
H12 719 - 123 429 - 101 - 266 
H 8 208 361 371 218 - 294 
Changwat ong Khai 
J 3 - 119 591 448 705 184 
J 2 - 227 108 323 - 439 157 
J 1 630 850 313 - 227 619 
J 4 585 513 899 771 748 
J 5 897 374 - 325 - 292 626 
J 6 756 597 - 909 471 893 
Chan~wat Roi Et 
K 2 - 999 - 232 873 349 146 
K 7 - 438 - 688 - 252 329 - 148 
K 6 - 806 - 486 - 190 147 105 
K 3 - 831 - 233 - 192 412 130 
K 9 - 696 - 236 - 299 535 144 
K 1 197 - 818 - 201 489 380 
K 4 - 478 - 995 - 132 332 127 
K 8 - 456 - 430 - 218 223 - 107 
K 5 - 577 - 285 - 277 355 - 136 
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Changwat Sakon Nakhon 
L 5 246 245 567 211 131 
L 4 712 121 270 215 140 
L 1 357 122 
- 101 141 127 
L 3 192 
- 127 170 - 233 138 
L 2 122 
- 267 577 - 153 197 
ChanSilwat Sisaket 
M 3 - 661 - 226 367 304 689 
M 4 - 250 - 560 - 102 122 386 
M 7 510 566 - 861 - 151 558 
M 5 - 282 
-1 57 - 175 503 
- 295 
M 1 - 587 - 180 - 322 419 
- 915 
M 2 
- 960 - 570 - 193 464 129 
M 6 622 341 360 - 234 173 
Changwat Surin 
N 4 
- 798 - 244 207 269 103 
N 1 
-338 -467 - 316 211 
- 154 
N 2 
- 323 - 314 - 258 151 - 163 
N 7 239 - 285 -715 - 107 - 129 
N 3 - 655 209 -203 214 766 
N 5 
- 695 - 235 - 442 267 795 
N 8 325 - 472 - 209 - 125 - 238 
N 6 - 821 - 198 - 124 388 987 
Chan~wat Ubon Ratchathani 
0 12 - 528 - 449 602 328 - 241 
013 - 180 - 360 - 112 874 132 
o 1 - 313 - 202 - 123 297 - 808 
016 - 981 - 901 281 - 215 810 
014 - 214 333 - 234 251 189 
010 - 527 - 166 - 180 494 - 182 
o 8 329 105 - 743 440 200 
o 3 475 503 - 129 116 895 
o 4 -396 - 230 -999 297 - 167 
017 696 - 390 -109 - 190 669 
018 944 - 497 - 120 -354 424 
o 7 -285 231 - 172 318 220 
o 6 - 583 - 122 - 171 150 112 
011 - 552 - 486 - 224 379 - 122 
o 9 - 680 - 152 - 387 554 - 812 
o 2 196 - 251 - 934 - 904 870 
o 5 - 226 - 526 - 793 142 - 879 
015 574 183 600 349 200 
Changwat Udon Thani 
P 6 280 - 217 496 - 457 836 
P 8 322 - 183 657 - 306 460 
P 7 121 - 315 - 409 - 178 122 
P 3 969 - 585 - 618 - 879 - 108 
P 4 782 - 865 403 - 521 467 
P 5 121 156 - 694 - 286 140 
P 1 596 501 - 280 - 285 143 
P 2 423 - 304 - 618 - 328 586 
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APPENDIX D 
SEQUENCE OF TYPAL GROUPING 
Joining New Lev el Joining New Units Group Group Level Units 
F 3 F 1 128 0 . 0 157 F 7 183 0 . 3 
0 14 0 7 1 29 0 . 0 B 3 P 5 184 0 . 3 
F 5 N 4 130 0 . 0 150 M 4 185 0.3 
K 8 N 1 131 0 . 0 G 7 M 7 186 0.3 
E 1 E 4 132 0 . 0 E 2 P 6 187 0 . 3 
C 4 K 2 133 0 . 0 H10 129 188 0 . 3 
131 N 2 134 0 . 0 165 N 3 189 0.3 
C 3 128 135 0.0 152 163 190 0.4 
M 1 o 9 136 0.0 C 5 P 2 191 0.4 
K 5 011 137 0.1 A 8 G 6 192 0.4 
K 3 K 9 138 0 . 1 168 G 8 193 0.4 
A 4 A 5 139 0.1 175 149 194 0.4 
B 2 J 5 140 0.1 187 160 195 0.5 
F 6 N 5 141 0 . 1 147 178 196 0.5 
D 5 H 8 142 0 . 1 B 6 159 197 0 . 5 
H 1 N 7 143 0.1 F 2 013 198 0 . 5 
H 4 H 8 144 0.1 183 180 199 0.5 
M 5 010 145 0.1 H11 H 7 200 0.5 
D 7 G 2 146 0.1 176 G 5 201 0.5 
H14 144 147 0 . 1 185 170 202 0.5 
135 K 6 148 0 . 1 139 D 9 203 0.5 
C 1 L 1 149 0 . 1 133 174 204 0 . 6 
A 1 o 6 150 0 . 1 161 193 205 0 . 6 
D 6 M 3 151 0 . 1 K 1 K 4 206 0 . 6 
A 2 N 8 152 0.1 203 164 207 0.6 
C 2 141 153 0.1 190 B 4 208 0 . 6 
L 5 015 154 0 . 1 D 1 J 1 209 0 . 6 
B 8 H 3 155 0 . 1 162 P 4 210 0 . 7 
134 137 156 0 . 1 o 4 0 5 211 0 . 7 
F 4 K 7 157 0 . 1 188 J 3 212 0.7 
B 9 B 1 158 0.1 189 151 213 0 . 7 
142 D 8 159 0.2 202 171 214 0.8 
L 2 P 8 160 0.2 158 181 215 0 . 8 
132 M 6 161 0 . 2 167 J 6 216 0 . 8 
017 018 162 0.2 192 194 217 0 . 8 
143 P 7 163 0 . 2 197 182 218 0 . 9 
A 3 H 6 164 0.2 191 o 2 219 0.9 
153 N 6 165 0. 2 179 196 220 0 . 9 
148 138 166 0.2 201 212 221 0 . 9 
G 3 o 3 167 0 . 2 169 208 222 0 . 9 
G 1 H13 168 0 . 2 186 o 8 223 0 . 9 
A 6 A 7 169 0 . 2 198 206 224 1 . 0 
D 3 130 170 0 . 2 184 223 225 1 . 1 
166 M 2 171 0 . 2 220 205 226 1 . 1 
B 5 L 3 172 0 . 2 177 211 227 1 . 2 
E 3 H12 1 73 0 . 2 217 140 228 1.3 
H 2 012 174 0 . 2 214 199 229 1.4 
B 7 P 1 175 0 . 2 204 H 5 230 1 . 5 
G 4 H 9 176 0 . 2 2 1 8 195 231 1 . 5 
136 o 1 177 0 . 3 225 146 232 1 . 6 
154 L 4 178 0 . 3 222 P 3 233 1 . 6 
155 173 179 0 . 3 209 J 4 234 1 . 6 
156 145 180 0 . 3 207 200 235 1 . 7 
E 5 H15 181 0 . 3 213 016 236 1 . 9 
172 J 2 182 0 . 3 228 216 237 1 . 9 
229 224 238 1 . 9 
I' 
I' 
I' 
I' I, 
I, 
I· 
I' 
I' 
II 
Joinin~ 
Units 
231 D 4 
230 221 
232 2 19 
226 215 
233 210 
235 239 
2 3 7 241 
New Level GrouE 
239 2 .0 
240 2 . 5 
241 2 . 5 
242 2 . 5 
243 2 . 7 
244 3.2 
245 4.0 
133. 
Joining New Level Units GrouE 
238 236 246 4.1 
246 240 247 5 .0 
242 234 248 5 . 2 
244 243 249 5.6 
247 227 250 7 . 2 
249 248 251 10.1 
251 2 4 5 252 11.4 
252 250 253 17.9 
'-
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